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PREFACE. 



A DESIRE has been frequently expressed by pro- 
fessors and teachers who have used my large work 
on " Human Physiology," that I should publish an 
abstract of it, suitable for use as an elementary text- 
book in colleges and schools. 

I have accordingly in this work endeavored to sat- 
isfy that wish, and to furnish a book sufficiently Sim- 
ple and compendious for such general use, and yet 
representing the state of the science at the present 
day. 

Among my original contributions to the science, 
many of them first printed in various periodicals, 
and introduced into the previous larger work and 
also in this, I may mention the Electrical Theory of 
Capillary Attraction, Explanation of the Selecting 
Action of Membranes, Cause of the Coagulation of 
the Blood, Theory of the Circulation of the Blood, 
Explanation of the Flow of Sap, Endosmosis through 
thin Films, Measure of the Force of Endosmosis, 
Eespiration of Fishes, Action of the Organic Muscle 
Fibres of the Lungs, AUotropism of Living Systems, 
New Observations on the Action of the Skin, Func- 
tions of Nerve Vesicles and their Electrical Analo- 
gies, Function of the Sympathetic Nerve, Explana- 
tion of certain Parts of the Auditory Apparatus, par- 
ticularly the Cochlea and Semicircular Canals', the 
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Theory of Vision, the Theory of Muscular Contrac- 
tion. 

Of the wood-cuts, many are from photographs made 
by myself, particularly the microscopic photographs. 
The mode of producing these was first invented by 
me, and my " Human Physiology," published in 1856, 
was copiously illustrated with them. 

The original engravings in this volume are. Figs. 8, 
7, 8, 15, 16, 18, 19, 20, 21, 22, 28, 25, 26, 27, 28, 29, 
80, 81, 82, 88, 84, 85, 89, 40, 41, 42, 47, 48, 49, 51, 52, 
58, 54, 55, 56, 57, 58, 60, 67, 72, 78, 76, 79, 100, 108, 
104, 105, 108, 109, 114, 115, 119, 120, 121, 122, 128, 
124, 125, 126, 127. The rest are derived from stand- 
ard authors. A list of them, duly accredited to their 
proper sources, will be found page 1, etc., of the larger 
work. 

For the sake of facilitating the progress of the be- 
ginner, questions have been appended to each page, 
as was done in my previous text-books on Chemistry 
and Natural Philosophy. Their utility has been gen- 
erally recognized by instructors. 

John William Draper. 

UniversUf/^ New York, 1866. 
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HUMAN PHYSIOLOGY. 



CHAPTER I. 

Conditions qfldfe. — Nature and Sources of Substances 
supplied to the Body, — Annual Quantities required, 
— Animals do not create^ but transform Substances. 
— Properties and Quantities of Matter received by the 
System. — Properties and Quantities of those it re- 
stores, — Seat of the Body arises from Combustion. 
— Cooling Agencies in an Animal. — Necessity of 
JRepairs in the System. 

For the maintenance of the life of man three chem- 
ical conditions must be complied with. He must be 
furnished with air, water, and combustible matter. 

The supply of a part of these necessaries of life is ad- 
justed to the urgency of the want. The act of breath- 
ing is incapable of delay, but the air is accordingly ev- 
ery where present, and always fit for use. We can bear 
with thirst for a little time, and the earth here and there 
furnishes her springs and other stores of water. But 
far otherwise is it m the obtaining of food. It is the 
lot of all animals to secure nourishment by labor, and 
even of men the larger proportion, both in civilized and 
savage countries, submit to a hard destiny. To obtain 
their daily bread is the great object of life. 

What is the philosophical explanation- of this neces- 
sity for a supply of air, of water, of food ? Why is it 
that the system will bear so little delay ? 

The answer to these questions is an answer of omi- 
nous impqrt. The condition of life is death. No part 
of a living mechanism can act without wearing away, 
and for the continuance of its functions there is there- 
fore an absolute necessity for repair. 

What are the chemical conditions necessary for the support of 
life? What is the condition under which the Uving body acts ? 

A 



2 EQUnJBBIUM OF LIFE. 

Life, far from being a condition of immobility, is there- 
fore a condition of ceaseless change. An organism, no 
matter of what grade it may be, is only a temporary 
form, ori^nating in myriads of particles passing through 
a determinate career. * It is like the flame of a lamp, 
which presents for a long time the same appearance, 
being ceaselessly fed as it •ceaselessly wastes away. 
But we never permit ourselves to be deceived by the 
simulated unchangeableness offered by such a natural 
object. We recognize it as only a form arising from 
the course the disappearing particles take. And so it 
is with, man. He is fed with more than a ton weight 
of material in a year, and in the same time wastes 
more than a ton away. 

To have a uniform standard of reference, we may as- 
sume one hundred and forty pounds as the weight of 
an adult healthy man. Now the constant consumption 
of food, water, and atmospheric air tends steadily to 
increase that weight, and in a very short time a dis- 
turbance arising from these sources would be percepti- 
ble, were there not some causes of compensation. But 
even after a year, if a state of health is maintained, the 
weight may remain precisely what it was, and this may 
continue year after year in succession. The consump- 
tion of large quantities of solid, liquid, and gaseous mat- 
ter does not therefore necessarily add to the weight. 

There are two periods of life for which this observa- 
tion does not hold good. They are infancy and old age. 
During the former the weight increases from day to day, 
and during the latter it slowly declines. 

If there be thus causes for the increase of weight of 
the living system, there are also causes for its diminu- 
tion. Setting aside minor ones, these may be chiefly 
enumerated as loss by excreted, by ifcranspired and ex- 
pired matters. By transpired matters are meant such 
as escape under the form of liquids and gases from the 
skin ; by excreted, such as escape from the kidneys ; 
and by expired, vapors and gases escaping from the 

In what respect does the animal body represent a flame ? How 
much mate^al does a man require in the course of a year-? What 
is the standard weight of an adult man ? How is it that that stand- 
ard weight is maintained ? To what periods of life does that princi- 
ple not apply ? What are the chief causes of diminution of weight ? 
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lungs. There is, therefore, a tendency to an increase 
and a tendency to a diminution of the weight, and, in 
the condition of equilibrium we are considering, these 
must balance one another. 

If a man of the standard weight abstains from the 
taking of water and food, a good balance will prove that 
in the course of less than an hour he has become light- 
er. If he still persists, it needs no instrument to detect 
what is going on ; the eye perceives it, for emaciation 
ensues. 

How, then, is it possible for a living being to continue 
at its standard, except the causes of increase are precise- 
ly equal to the causes of diminution ? We may there- 
fore assert that the sum total of food, water, and atmos- 
pheric air taken in a given period of time is precisely 
equal to the sum total of all the losses ; for, if the re- 
ceipts were greater, the weight must increase ; if the 
losses were greater, the weight must diminish. Persist- 
ency in this respect proves equality, and the case is just 
as simple as in the common siJSairs of life ; he who pays 
less than he receives grows rich ; if his payments are 
more than his receipts, he becomes poor ; but his con- 
dition is unchanged if his payments and receipts are 
equal. Infancy, old age, and manhood answer to these 
circumstances respectively. 

From the army and navy diet scales of France and 
England, which of course are based upon the recognized 
necessities of large numbers of men in active life, it is 
inferred that abqil^ 2^ pounds avoirdupois of dry food 
per day are required for each individual ; of this about 
three quarters are vegetable and the rest animal. At 
tbe close of an entire year the amount is upward of 800 
pounds. Enumerating under the title of water all the 
various drinks — coffee, tea, alcohol, wine, etc. — its esti- 
mated quantity is about 1500 pounds per annum. That 
for oxygen may be taken at 800 pounds. 

With these figures before us, we are able to see how 
the case stands. The food, water, and air a man re- 
ceives amount in the aggregate to more than 8000 

Explain the manner in which the losses and receipts balance each 
other. What is the amount of dry food, of water, and of oxygen 
required annually ? What is the annual aggregate of the receipts ? 
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pounds a year ; that is, to about a ton and a half, or to 
more than twenty times his weight. 

The condition of equilibrium just set forth, moreover, 
leads to the conclusion that the aggregate weight of 
excreted, transpired, and expired matter is the same for 
the same period of time. In round numbers, we may 
take it at a ton and a half. 

It can not be questioned that the materials rendered 
back to the external world, after having subserved the 
purpose of the animal and passed through its system, 
are compounds of those originally received as food, 
drink, and air, though they may have assumed in their 
course other,^and perhaps, in our estimation, viler forms. 
Recognizing "as indisputable the physical fact that not 
an atom can be created any more than it can be de- 
stroyed, we should expect to discover in the substances 
thus dismissed from the system every particle that had 
been taken in. 

What, then, is man ? Is he not a form, like the flame 
of a lamp or a waterfall, the temporary result and rep- 
resentative of myriads of particles that are fast passing 
through states of change — a mechanism, the parts of 
which are unceasingly taken asunder and as unceasing- 
ly replaced ? The appearance of corporeal identity he 
presents year after year is only an illusion. He begins 
to die the moment he begins to breathe. One particle 
after another is removed away, interstitial death occur- 
ring even in the inmost recesses of the body. 

From these general considerations .we infer that the 
essential condition of life is waste of the body ; and this 
not only of the body in the aggregate, but even of each 
of its particular parts. Whatever part it may be that is 
exercised is wearing away, and wherever there is activ- 
ity there is death. And since parts that are dead are 
useless, or even injurious to the economy, the necessities 
simultaneously arise, first, for their removal, and, second, 
for repair. Much of the complicated mechanism of ani- 
mal structures is for the accomplishment of this double 
duty. 

What is the annual aggregate of the losses ? Under what circum- 
stances does interstitial death take place ? What is the general use 
of the mechanism of animal structures ? 
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Physiclogical Standard Table, 

Diurnal Ingesta of a Man whose weight is 140 lbs. avolrdupoiu. 

Weight of body 140.000 

Water 4.109 

Oxygen , 2.192 

Dry vegetable food '. ^ 1.687 

Dry animal food 563 

It is to be received as an axiom admitting no contro- 
versy, that organic systems, whether vegetable or ani^ 
mal, whether humble or elaborately developed, possess 
no power of creating material. Their function is of ne- 
cessity limited to the mere transformation of substances 
furnished to them. From this it follows, even in the 
case of man, that the substances dismissed from the sys- 
tem are metamorphosed forms of those which have been 
received, and that, whatever their appearance may be, 
they must have arisen from the reaction of the food, 
water, and air upon one another. 

This reaction we may proceed to view as a purely 
chemical result ; for, casting aside all the hypotheses of 
the older physiology, and permitting ourselves to be 
guided by the harmonies of nature, we should expect to 
recognize in the changes taking place in organic sys- 
tems, and in the phenomena attending those changes, 
the same results which arise in the artificial or experi- 
mental T'eaction of food, water, and air on each other. 
A very superficial examination of the facts shows at 
once the correctness of this expectation. On such a 
preliminary examination we now enter, premising it 
with some general remarks needful for our purpose on 
the nature and properties of food, water, and air. 

1st. Op Food. — No article is suitable for food except 
it be of a combustible nature. Its chemical constitution 
must be such that if its temperature be raised to a prop- 
er degree with a due access of atmosphenc air it will 
take fire and bum, and the products of its combustion 
must be carbonic acid gas and water, or those sub- 
stances with nitrogen or its compounds. 

2d. Op Water. — ^This may be taken as the type and 

Does an animal create or only transform the substances it re- 
ceives ? How have the substances dismissed from the system origin- 
ated ? What are the chemical properties of food ? 
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representative of all tbe various liquids used as drinks. 
It evaporates at any temperature, even at those lower 
than its freezing point, and in this evaporation produces 
cold. Water vaporizing from thq skin absorbs 1114 de- 
grees of heat, and hence exerts a most powerful refrig- 
erating action. Over saline substances there are few 
bodies which exercise so general a solvent effect. In 
virtue of this property, it is enabled to introduce in the 
dissolved state such compounds as are wanted for the 
nutrition of 4;he system, and in the same manner to car- 
ry away the wasted products of decay. 

3d. Of Atmosphkeio Aie. — ^The active principle of the 
air is oxygen gas, the effects of which are moderated by 
the presence of a large quantity of nitrogen — ^four-fifths 
of the air consisting of this latter substance. Physio- 
logically, we often use the terms atmospheric air and 
oxygen synonymously. 

The chief materials a living being receives from the 
external world are, therefore, oombustiblb mattbb, wa- 
TSB, oxTGEN GAB ; and out of the action of these upon 
one another all the physical phenomena of its life arise. 

Such being the nature and properties of the things re- 
ceived, we may next examine in the same general man- 
ner those dismissed from the system. Here, at the very 
outset, we encounter the important fact that Uiey are 
oxidized or burned bodies. 

1st. As respects the excretions. Their liquid part, 
water, is an oxide of hydrogen, of which, though the 
greater portion may not have been produced in the 
economy, yet a certain quantity unquestionably has. In 
them, too, may be found sulphuric acid, an oxide of sul- 
phur ; phosphoric acid, an oxide of phosphorus ; and 
urea, the representative of bodies arising when process- 
es of oxidation have been going on. 

2d. The expired and transpired matters present simi- 
lar burned compounds. At the head of these products 
stand carbonic acid gas, an oxide of carbon ; and water, 

which, as we have already said, is an oxide of hydrogen. 

■ ■■■■■ I 

What are the chemical properties of water? and of atmospheric 
air ? What are the properties of the sabstances dismissed from the 
system ? What are water, sulphuric, and phosphoric acids ? Un- 
der what circumstances does urea arise ? What are the chemical 
qualities of the expired and transpired matters ? 
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"We here omit any consideration of the nature or consti- 
tution of thp faBcal matter, because much of it has never 
been properly in the interior of the system, though it 
has passed through the intestine. 

The general result we arrive at is then, that the food 
consists of combustible matter, and that the substances 
dismissed from the economy are oxidized bodies. A 
burning must, therefore, have been going on, and this . 
could only have been accomplished by the air intro- 
duced by breathing acting upon the substance of the 
body itself and its contents, and, to repair the waste 
which must have ensued, a due weight of food has been 
required. Since this, in its turn, as a part of the living 
mechanism, is destined to imdergo the like destructive 
action, we may present the entire series of facts under 
consideration correctly by regarding them as arising re- 
motely from the action of the air upon the food. 

With this statement before us, we next inquire what 
ensues when substances appropriate for food are ex- 
posed in artificial experiments at a certain temperature 
to the action of atmospheric air. 

A piece of flesh, or of any vegetable body, consist- 
ing of carbon, hydrogen, oxygen, and nitrogen, submit- 
ted to those conditions, undergoes combustion. Its car- 
bon, by uniting with oxygen, produces carbonic acid, 
its hydrogen for the most part water, but a residue 
thereof, combining with the nitrogen, may give rise to 
the production of ammonia. If there be any sulphur 
and phosphorus present, they also burn, and salts of sul- 
phuric and phosphoric acids are thd result. 

Such is what occurs outside of the body in a common 
case of artificial combustion where atmospheric air has 
access. The constituents of the food thus satisfy their 
chemical affinities, and the compounds we have men- 
tioned arise. Now it is a fact of the utmost significance 
that the compounds thus originating from the direct ar- 
tificial burning of matters proper for food are the very 
same that are dismissed from the animal system in 
which food has been submitted to the air introduced by 

How do we know that combustion mnst take place in the body ? 
What is the result of the artificial combustion of food ? Wh Ji are 
the products arising in the natural and artificial combustion 4>f food? 
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respiration. They are such substances as carbonic acid, 
water, ammonia, sulphates and phosphates. > 

The facts thus set forth warrant the following state- 
ments. The matters a man receives as food are com- 
bustible bodies ; those dismissed from his system have 
been burned. To that, as to any other such bumingi 
oxygen gas is absolutely requisite. There is, therefore, 
a plain conclusion before us, whidi, in its far-reaching 
consequences, covers the whole science of physiolog}r, 
and betrays to us the function discharged by every ani- 
mal, viz., that oxidation is incessantly going on in the 
interior of the system through the agency of atmospher- 
ic air introduced by the process of breathing. 

An animal, from this point of view, is an oxidizing ma- 
chine, into the interior of which atmospheric air is con- 
stantly introduced. The active constituent, oxygen, sat- 
isfies its chemical a£Snities at the expense of those parts 
of the svstem that are wasting away. And as the act 
of breatning, that is, the introduction of this gas, takes 
place day and night, waking and- sleeping, so too must 
the production and removal of burned bodies. To com- 
pensate for the loss, nearly 1000 pounds weight of com- 
bustible matter must be used in the course of a year, 
and, for reasons to be examined in detail presently, three 
quarters of a ton of water. 

But carbon by uniting with oxygen can not turn into 
carbonic acid, nor can hydrogen turn into water, nor ni- 
trogen into ammonia, without heat being produced. 
The very meaning we attach to the term indicates that 
every process of burning is attended with the liberation 
of heat. 

In domestic economy, we protect ourselves from the 
cold weather of winter, or attain any high temperature 
we want by the oxidation of some of the forms of car- 
bon, such as wood or coal, in fire-places or stoves. We 
know that for the production of a given quantity of 
heat a given weight of combustible matter and of air is 
required, and that by employing various mechanical con- 
trivances for increasing the draught we can accelerate 
the burning. 

Haw is it that animal heat is produced ? What is the effect of 
oxygen in the interior of the body ? Js there any relation between 
the amount of heat set free and the amount of oxygen consumed? 
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Man, in a state of health, maintains a nearly uniform 
temperature. Neglecting slight variations, to be here- 
after critically examined, it is 98 degrees. For the most 
part, it is immaterial in what climate of the earth he 
may reside, whether' in the cold polar regions or the 
torrid zone, he is so constituted that, either through the 
provisions of his own organization, or by resorting to 
the adventitious aid of clothing, or to special articles o# 
food, he can maintain himself at about the same degree ; 
and as all this heat arises from interstitial oxidation con- 
tinually taking place, it is obvious that within certain 
limits he has control over it. Thus, in the winter he 
sometimes resorts to violent muscular action in order to 
increase the rapidity of respiration and the destruction 
of muscular tissue ; for the greater the quantity of air 
introduced in a given period of time, the higher the 
temperature rises, just as when we close the door of a 
stove, or place a blower on ay anthracite fire, an in- 
creased draught is occasioned and the quantity of heat 
is increased. To breathe with rapidity and depth is 
certain to raise the temperature. 

On the contrary, in summer, when the heat is oppress- 
ive, we instinctively abstain from muscular exertion, 
tran(|uil and slow respiration goes on, and the tempera- 
ture is kept down. Again, there are means of occasion- 
ing an increased liberation of heat by changing the na- 
ture of the food and using highly combustible material, 
such as the various kinds of alcoholic preparations. 
The chemical constitution of alcohol is such that in the 
act of burning, carbonic acid and water are produced 
with the liberation of so muph heat that chemists find it 
one of the most suitable means of attaining a high tem- 
perature. On taking preparations of this substance, 
such as distilled liquors or wines, the first effect is the 
production of a genial warmth all over the body^ intoxi- 
cation eventually coming on as a secondary result. 

These remarks are not limited in their application to 
our own species — the whole animal world furnishes us 
with commentaries on their truth. Man maintaining a 

What is the temperature of man ? Does it vary in different cli- 
mates? In what manner may that temperature be ineid||;itally 
raised? In what manner may it be reduced? What is the effect 
on the temperature when distilled liquors or wines are used ? 

A2 
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temperature, as has been said, of about 98 degrees, oth- 
er animals are at other degrees, some being cold-blood- 
ed and some hot. The particular point they reach de- 
pends, as direct observation shows, on the quantity of 
oxygen they consume, or, in other words, on their res- 
piration. JBirds, whose breathing mechanism is by far 
the most elaborate and extensively developed, have by 
far the highest temperature. The snake or the tortoise, 
whose rate of respiration is very slow, consume but lit- 
tle oxygen, and have a correspondingly low degree of 
heat. And in those creatures which at one period of the 
year are in full activity, but at another lie dormant or 
nibernate, as they begin to respire more slowly their 
temperature begins to decline, and when they have sunk 
into their winter's sleep their breathing is scarcely per- 
ceptible, and their warmth scarcely above that of the 
surrounding air. 

In what has been thu3 far said we have been consid* 
ering those operations of the system that tend to the 
production of heat, and the maintenance of the whole 
mass of the body at a temperature above that of the 
surrounding air. But it is obvious that provision must 
be made to prevent any undue rise, so that between 
those causes of elevation and these of depression a due 
equilibrium may be maintained. If a very large quan- 
tity of combustible matter, under the form of food, and 
about an equal weight of oxygen, are necessary for ob- 
taining a proper heat, we should also recollect that near- 
ly three quarters of a ton of water are consumed each 
year. The duty this water discharges we may next con- 
sider. 

That duty is twofold: 1st. The removal of solid ma- 
terial in a state of solution ; and, 2d. The production 
of cold by evaporation. The cooling agency is of most 
interest to us in our present inquiry, but a few remarks 
as regards the removal of solid matter may not here be 
misplaced. 

1st. Water, then, exertp its solvent power for the re- 

What is the connection between respiration and animal heat? 
How is it in the case of birds, snakes, and tortoises ? How is it in 
the ci^ of hibernating animals ? What are the causes of the cool- 
ing of the body ? Describe the double duties of water in the sys- 
tem. 
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moval of all those substances which, arising incessantly 
in the animal system, can not assume either the vapor- 
ous or gaseous state. In this condition are the differ- 
ent saline bodies, such as the sulphates coming from the 
destruction of the muscular tissues, as voluntary and in- 
voluntary motions are performed; or the phosphates 
produced by the destruction of cerebral and nervous 
matter. In the same conditio]]^ stand nearly all the ni> 
trogenized results of the destruction of the soil parts, 
ana which are to a ^eat extent to be removed as urea. 
Water dissolving with more or less facility these vari- 
ous bodies permits their escape from the system by the 
secreting action of the kidneys. 

The skin is no inefficient auxiliary to the kidneys in 
effecting this removal of water charged with soluble 
matters. All over its surface are scattered in profusion 
the ducts of the perspiratory glands, consisting of a con- 
voluted tubing abundantly supplied with blood-vessels. 
The final mode of action of these glands depends on ex- 
traneous circumstances. Most commonly the fluid is 
carried away under the form of a vapor or insensible 
perspiration, but when the secretion gQes on more rap- 
idly, or the dew-point of the surrounding air is high, it 
then accumulates as drops of sweat. The amount of 
water thus removed, even by insensible perspiration, is 
greater than might be supposed, yet it corresponds with 
the extent of the provision. The length of the water- 
secreting tubing in the skin of a man is about twenty- 
eight miles. 

Thus by the action of the kidneys and the skin large 
quantities of water are dismissed, either under the liquid 
or vaporous form. A third organ is concerned in this 
important duty. It is the lungs. These, however, are 
limited in their operation to its exhalation as vapor or 
steam. That water abunds^tly escapes from them is 
plainly shown when the days are cold, the moisture as it 
comes from the respiratory passages condensing into a 
visible cloud when it encounters the air. It is estimated 
that the loss of water by. the skin and lungs conjointly 

V^hat advantage is taken of its solvent power? Under what form 
is it removed from the system ? What is the length of water-tubing 
;n the skin ? To what class of substances is the action of the^angs 
limited ? How may it be proved that water is removed by the lungs ? 
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18 aboat 18 grains in a minnte, of which 11 pass off 
from the skin and 1 from the langs. 

2d. Water also exerts a cooling influence, arising from 
its evaporation from the surface of the skin and the cells 
of the lungs. The difference between water in the state 
of an invisible vapor and in the liquid condition consbts 
in this, that the vapor contuns 1114 degrees of heat 
.which the liquid does i)ot. When, therefore, it evapo- 
rates from a surface of any kind, as from the skin, it ob- 
tains therefrom that large amount of latent heat, and so • 
tends to cause the temperature to decline. Not that 
this is the only cooling agency at work. Radiation 
might also be mentioned; for, just as a warm, inorganic 
body cools by the escape of radiant heat from it, so too 
does a living being. 

These considerations expMn how an equilibrium of 
temperature is established. By the process of respira- 
tion there is a constant tendency to increase the heat ; 
but by evaporation of water, radiation, and other cool- 
ing causes, there is a constant tendency to diminish it. 
A balance is struck between the two processes, and in 
man a temperature of 98 degrees is kept up. 

This average temperature is, however, easily departed 
from. Through some trivial cause the cooling agencies 
may be interfered with, and then, the heating processes 
getting the superiority, a high temperature or fever 
comes on. Or the reverse may ensue. In Asiatic chol- 
era, the constitution of the blood is so changed that its 
discs can no longer carry oxygen into the system, the • 
heat-making processes are put a stop to, and, the tem- 
perature decbning, the body becomes of a marble cold- 
ness characteristic of that terrible disease. 

The animal mechanism is thus the focus of intense 
chemical changes, and great quantities of material are 
required in very brief spaces of time for its support. 
We have seen what is the use of the combustible mat- 
ter employed as food, what of the water, what of the 
air, how, these reacting on one another, a high but reg- 
ulated temperature is kept up. 

On what does the cooling effect of water depend? How is the 
equilfbriam of heat maintained ? Under what circumstances is the 
standard temperature departed from ? 
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Much of what has been thus far said has had reference 
only to the destruction of tissues. This waste of matter 
arises partly to give origin to the heat required by ani- 
mals, and partly as a consequence of intellectual activi- 
ty and muscular motion ; for no movement can be made 
without a destruction of muscular fibre, and all mental 
and nervous actions imply the waste of a certain quan- 
tity of vesicular substance. 

]But of course such a destruction of tissue must be 
comJ3ensated by repair if a normal condition and health 
are preserved. The action of the air is not directly 
upon the food, for intermediately and temporarily the 
food is converted into the living mechanism. The dead 
material is awakened into life, and for a time, though 
only for a time, becomes a portion of the living and feel- 
ing mass. 

The functiohs and actions we have been considering 
imply the provision of many complicated mechanisms. 
There must be means for effecting the introduction of 
the air ; these, in man, depend on calling into operation 
its pressure." A system of tubes is necessary for its dis- 
tribution to the points at which it is required, and in 
like manner a system is required for carrying away the 
wasted products of decay. The new material destined 
to replace the parts which are thus disappearing, and to 
keep the economy in repair, must be submitted to such 
processes of mechanical and chemical preparation that 
it may be dissolved in the blood, and carried wherever 
it is wanted. It must therefore be cut and crushed by 
teeth driven by powerful muscles, dissolved by acid and 
alkaline juices in digestive cavities set apart for that 
purpose. From these it must be taken by. arrangements 
that can absorb it and carry it into the torrent of the 
cii'culation. Physical means must be resorted to, not 
only for the impulsion of these newly-absorbed nutritive 
juices, but likewise to drive the blood in its proper ca- 
reer of circulation. It is needless here to explain how 
the most refined principles of hydraulics are brought into 
play, or how forces of compression and elasticity are 

■■■-■ ■■ " ■' ■■-■■ ■ ■■ - ■■■■ ; ■■ I i..^ , 

How is it that the waste of so much matter arises ? What mech- 
anisms are requisite for the removal of waste and for repair ? What 
operations mast the food be submitted to before it can be introduced 
into the system ? 
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introdaced ; how that there are valves which open only 
in one way to let the current pass, or how some of these, 
as in the like human contrivances, are tied down in their 
action bv cords. Moreover, since it is required that the 
animal snail go in search of its food, muscles of locomo- 
tion, acting upon purely mechanical principles on the 
bony skeleton, must be resorted to, and so the animal 
structure becomes a most elaborate and complicated 
machine. 



CHAPTER n. 

OF FOOD. 

The natural Subdivisions of Physiology. — Of Food: 
Us Sources and Classification — its Value not alto- 
gether dependent on its Composition. — Of MUk: its 
Composition^ and Use of its Water ^ Casein^ Sugar^ 
Butter^ and Salts. — Var^tions in the Composition 
of MUk. — Of Bread. — Of mixed Diets. — NutrUion 
of carnivorous and herbivorous Animals: — Food 
formed by Plants and destroyed by Animals, — Usesr 
of mixed Food and Cooking. 

Physiology possesses a very great advantage over 
many other sciences in offering its leading problems and 
doctrines in a certain well-marked order or sequence, a 
connected whole, with only here and there points of di- 

fre8sion,but those points often of very striking interest, 
hus pursuing the train of reflections entered on in the 
preceding chapter, we should have to consider the na- 
ture of the food, the manner of its preparation by the 
process of digestion, the mechanism for taking it up 
from the cavities in which it has been so prepared, and 
that for distributing to every part. We should have to 
show the mode of its incorporation as a portion of the 
living mass, its duration in that condition, and the man- 
ner of its decay. We should have to describe by what 
physical means and through what mechanism the air is 
introduced to effect the destruction of the dying parts. 

What are the natural subdivisions of physiology ? 
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and how, as the consequence of this, a fixed tempera- 
ture is maintained. The causes occasioning variations 
of this temperature, and the manner in which the wasted 
products are removed by the skin, the lungs, the kid- 
neys, might next obtain our attention. The complica- 
ted machinery necessary to accomplish all these pur- 
poses requires to be made to act in unison in all its dif- 
ferent parts, a condition introducing to us the nervous 
system. A consideration of the structure and gradual 
development of that system leads to the structure of the 
various organs of sense, and to the operations of the in- 
tellectual principle itself. Thus in succession we should 
have to treat of digestion, absorption, circulation, respi- 
ration, secretion, nutrition, and innervation, and to close 
the whole with the consideration of reproduction. This 
is the order I propose to follow, and shall devote this 
chapter to the nature and qualities of the food. 

The supply of food to animals requires a more com- 
plicated provision than it does to plants, in which the 
elaborating organs, the leaves, presenting themselves 
superficially, are always in contact with the aii*, from 
which much of their nutriment is derived. And as one 
portion after another becomes exhausted, it is renewed 
by simple mechanical agencies, such as the trembling of 
the leaf, the warmth of the sun, or the winds. 

Food comes spontaneously to plants, they therefore 
need no powers of locomotion. But an animal must 
seek its food, and for this purpose is endowed with lo- 
comotion, involving the destruction of tissue. In a 
chemical point of view, plants are organizing, animals 
destroying machines.- 

To obtain for animals the necessary supply of nutri- 
ment, the resources of nature are displayed in the most 
wonderful contrivances. According as their modes of 
life may be, one takes its food with its teeth, another 
with its lips, another with its fore member, another 
winds around it its whole body. The geometrical spi- 
der weaves a net, and lies in wait for his prey ; the ant 
lion digs a pit in the sand. Some rely upon labor, some 
upon force, some upon fraud. Man depends upon all. 

What are the sources of food for plants? In what manner is it 
brought to them ? In the case of animals, how is the supply of food 
taken? 
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Viewed as regards its physiological distinction, the 
food is conveniently considered as of two kinds: His- 
togenetic or tissue-making, and Calorifacient or heat- 
making. Histogenetic food, of which albumen, casern, 
fibrin, are examples, furnishes the chemical substances 
—-carbon, hydrogen, oxygen, nitrogen, sulphur, chlorme, 
phosphorus, iron, potash, soda, lime, etc. Calonfacient 
food, of which starch, sugar, oil, fat, are examples, fur- 
nishes carbon and hydrogen mwnly. In consequence 
of this chemical constitution, tissue-making food is some- 
times called nitrogenized, and heat-making non-nitr<^ 
genized food. The former is also sometimes designated 
nutritive, and the latter respiratory. 

It is, however, to be distinctly understood that these 
divisions are only adopted for the sake of convenience, 
and that they have no natural foundation. Thus it will 
be found, when we examine the functioiis discharged by 
the fats, that though they are non-nitrogenized bodies, 
and are, therefore. Considered as belonging to the class 
of respiratory food, there is every reason to believe that 
they are essentially necessary to tissue development, 
and that the metamorphoses of nitrogenized bodies can 
only go on in their presence. They are, therefore, as 
truly essential to nutrition as are the latter substances. 
So, too, as respects the albuminoid bodies. They are 
not limited to nutrition. In their decay or descending 
metamorphosis in the organism, they give rise to the 
evolution of heat, and are at last dismissed as products 
of oxidation. They are, therefore, as far as this goes, as 
much respiratory food as are the fats themselves. 

It has been supposed that the tissue-making power 
of any kind of food depends on the quantity of nitrogen 
it contains, and that its value may therefore be determ- 
ined by chemical analysis. Upon this principle tables 
have been constructed, showing the agricultural worth 
of diflferent articles of forage for domestic animals. 
But, as will be found hereafter, these tables are not of 

How many physiological kinds of food are there ? What is histo- 
genetic food ? What is calorifacient food ? What are tissue-mak- 
ing, heat-making, nitrogenized, and non-nitrogenized food respect- 
ively ? Are albuminoid bodies exclusively nutritive ? Do they ever 
give rise to the evolution of heat ? Are they ever respiratory ? Does 
the value of food depend on its composition ? 
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tlie use supposed. Without entering into details at*' 
present, the case of gelatin may be taken as an example ; 
this, though a substance abounding in nitrogen, possess- 
es no tissue-making value, but in reality belongs to the 
calorifacient class, and therefore its administration in 
the sick-room, under the various well-known forms of 
jellies, soups, etc., is altogether deceptive as regards 
any nutritive power, since it undergoes speedy oxida- 
tion in the system. 

The same remark applies to tables showing the amount 
of caloric furnished by different varieties of heat-making 
food. The quantity of heat set free during the combus- 
tion of a substance depends not only on the nature of 
the elements composing it, but also on the particular 
states in which they occur. Combustibles may have 
the same chemical composition, but very different heat- 
ing power. 

Food, typically perfect, is presented by nature to the 
young of various animals. In milk, or in the egg^ there 
must be whatever is necessary for the growth of the 
tissues, and for the performance of the functions. An 
examination of milk will therefore illustrate the essential 
characters of the different elements of food. 

Composition of Milk, 

Water 873.^ 

Casein 48. 

Sngar of milk 44. 

Butter 30. 

Phosphate of lime..'. 2.3 

Other salts Ji.7 

1000.0 

In this we notice, first, the large proportion of water 
present, almost nine tenths of the whole amount. The 
double duty orthis water has already been mentioned, 
first, to remove from the system effete substances, sec- 
ond, to regulate the temperature by evaporation. We 
might have added that it also imparts a due fluidity to 
the blood. These are conditions as necessary to the in- 
fant as to the adult, and it should be remembered that 
two thirds of th e weight of the body are water. 

What is remarkable in the case of gelatin ? On what does the 
amount of heat famished hj the combustion of food-articles depend ? 
What is the composition of milk ? State the relative quantity of 
water it contains. What is the use of the water? 
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Next follows the nitrogenized principle caseia, closely 
related in composition to muscular flesh. It is the tis- 
sue-making, histogenetic, or nutritive element of the 
milk, and has been elaborated from the albuminoid sub- 
stances of the mother's system. It is to be converted 
into th^ muscular and other soft tissues of the infant. 

Casein is one of a group designated as the neutral ni- 
trogenized bodies. Albumen, fibrin, and globulin belong 
to it. From an opinion that these all contain the same 
organic radical, they are often termed the protein bod- 
ies, a designation retained rather from its convenience 
than correctness. They appear to exist in two different 
physical conditions, soluble and insoluble in water ; they 
all contain sulphur, and exhibit a proneness to pass into 
the putrefactive fermentation. As this takes place when 
they have reached a certain stage of decay, they act 
upon other bodies as ferments. Their constitution is 
said to be represented in common by the formula 

^48 -"36 ^14 ^6* 

Of the whole group, albumen may be taken as the type 
and most important member. Indeed, as will be found 
hereafter, in the process of digestion the others are in- 
variably converted into modifications of it. The white 
of the egg and the serum of the blood are usually refer- 
red to as examples of albumen, though they differ in 
several particulars from one another. Albumen forms 
basic, neutral, and acid compounds. A basic albuminate 
of soda is found in the egg and in serum of blood. 

Casein presents nearly the same constitution as albu- 
men, but differs from it in its physical properties ; for, 
while a solution of albumen is coagulable by heat, one 
of casein is not, but lactic and acetic acids coagulate it, 
though thev have no such effect on albumen. While, 
so far as tneir protein nucleus is concerned, the two 
substances raay be considered as agreeing in composi- 
tion, they differ in this respect, that casein appears to 
contain a less proportion of sulphur and no phosphorus. 
It is interesting to remark that, during incubation, ca- 
sein arises from albumen in the eggs of birds. 

To what class of substances does casein belong ? How mnch is 
there of it in milk ? What is the imputed constitution of the protein 
bodies ? -Describe the properties of casein and albumen. What are 
the physical properties of casein ? 
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Closely allied to albumen and casein, and having the 
same impated protein nucleus, is fibrin. It likewise ex- 
ists in two states, soluble and insoluble. Its solidifica- 
tion or coagulation can be produced by the action of 
sulphurTo ether, which does not afiect albumen. More- 
over, in the coagulated state fibrin decomposes the deu- 
toxide of hydrogen, but albumen does not. The most 
important difference between them is, that in the act of 
coagulation albumen shows no disposition to assume a 
definite structure, but fibrin does — ^fibrillating, as it is 
termed. The analogy of constitution and closeness of 
relation of the two substances is demonstrated by the 
fact that by nitrate of potash coagulated ^brin may be 
changed into albumen, and the same conversion is ac- 
complished in the stomach by the digestive juices. 

It has been affirmed, however, that fibrin contains a 
larger proportion of oxygen than albumen. This is sus- 
tained by physiological considerations respecting its or- 
igin. 

These remarks on the composition and physical prop- 
erties of casein, albumen, and fibrin, have been intro- 
duced for the purpose of illustrating the facility with 
which these bodies are mutually convertible, and more 
particularly for showing that there is nothing whatever 
mysterious in the casein or curd of milk, arising from 
the albuminous serum of the mother's blood, and being 
transmuted into the fibrin structure of the muscular 
tissues of the infant. 

Returning now to our examination of the composition 
of milk, as set forth in the preceding table, we find that 
two respiratory elements are next upon the list: 1st. 
Sugar of milk. This is to be converted into lactic acid, 
' p&f tly by the agency of the saliva, and finally in intes- 
tinal digestion ; 2d. Butter. This is the oleaginous or 
fatty portion^ a part of it is to be deposited in the adi- 
pose tissuesTor a time of need, and a part, along with 
the lactic acid and excess of sugar, is to be burned at 
once for the production of heat. 

The saline substance, phosphate of lime, is necessary 

In what two states does fibrin exist? What is meant by fibril- 
lating? Under what circumstances may fibrin cljange into albu- 
men ? Which probably contains the greater quantity of oxygen ? 
What is the use of the sugar of milk ? and of the butter ? 
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for the earthy portion of the skeleton, and probably the 
reason of the introduction of casein, to the exclusion ot 

" ->08- 

Less 

«. ^^^ ^ being 

ofr^^oiStidB^ble from it. °Among the other salts of the 
milk, chloride of sodium may be pointed out as of spe- 
cial importance. It undergoes decomposition m tbo 
system of the infant, its hydrochloric acid giving acidity 
to the gastric juice, its soda entering into the composi- 
tion of the bile and various salivary secretions. It also 
imparts solubility to albumen, and, in some degree, reg- 
nlates the facility with which that substance coagulates. 
It impedes the coagulation of fibrin. 

An infant finds in its mother's milk whatever it re- 
quires for the growth of its own body. In its system 
the curd resumes the form of albumen, or passes into 
the condition of fibrin, and in this manner its muscular 
tissues are made. The butter is deposited in the adi- 
pose cells, or burned at once for the production of ani- 
mal heat, a part of it, however, being incidentally con- 
sumed, as will be hereafter explained, in the fabrication 
of fibrin and for other histogenetic purposes. The phos- 
phate of lime is carried to the osseous system, now in a 
state of rapid increase, and bone is formed from it. 

But, though milk is so well adapted to the wants of 
infantile life, it is unsuited to the adult. Its nitrogen- 
ized principle, casein, though in sufficient quantity for 
the repair of muscular waste and development at the 
former period, is inadequate to these purposes at the lat- 
ter, when destruction, arising from the incessant activ- 
ity of the muscular system, is so greatTy increased. It 
is interesting to remark how the composition of milk is 
modified when there is a^ necessity to meet these indi- 
cations, its nitrogenized principle being in^ffeased in the 
case of animals such as the cow and horse, the young 
of which commence locomotion almost at birth, or at an 
earlier period than the human infant. This excess of 
casein is necessary for the repair of the resulting waste. 

What effect does casein exert over the solubility of phosphate of 
lime ? From vihat source is hydrochloric acid derived ? Why is 
milk the most perfect type of food ? What duties do its various 
parts discharge in the infant body? 
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The Constitution o/MiSc. 



Source. 


Casein. 


Sugar. 


Butter. 


Croat's milk 


80 
63 
32 


40 
28 
36 


40 
40 
29^ 


Cow*8 milk 


Human milk 





This table presents an explanation of the onsuitable- 
ness sometimes remarked in the milk of the cow when 
used for the nourishment of children. Milk which is 
adapted to the wants of the calf is not adapted to the 
functional wants of the child. Experience has taught 
the nurse that^these difficulties may in part be removed , 
by diluting it with water and sweetening it with sugar, 
tne effect of this being to reduce the percentage of the 
nitrogenized element, the casein, and to increase tliat of 
the respiratory, and so approximate the composition 
more closely to that of human milk. 

Moreover, milk is not suitable as the sole nourish- 
ment of adult life, since it does not contain in sufficient 
quantity those phosphorized compounds necessary for 
the repair of the waste of the cerebral and nervous tis- . 
sues, which at this period are much more active than in 
infancy. 

From this consideration of the nature and properties 
of the food of infancy, we may pass to the examination 
of that of the mature period. ^ 

Experience has shown that, of all articles of food, 
bread made from wheaten flpur meets best the re<j^uire- 
ments of the adult life of man. It seems to contain all 
that is necessary for support. A very simple analysis 
will show that it presents both the respiratory and nu- 
tritive elements. 

If such flour be made into a paste with water, and be 
gradually washed with a larger quantity, an elastic co- 
herent mass is left, and the water assumes a milky tur- 
bidity. After a time it becomes clear, through the set- 
tling of a white precipitate. This is starch, a member 
of the respiratory group. The elastic substance is glu- 

In what respect does the milk of different animals differ ? How 
may the milk of the cow be adapted to the nse of the infant ? Why 
is milk nnsuited to adult life ? From what substance is the most nu- 
tritious bread made ? How may flour be separated into its constitu- 
ent parts ? To which class of elements does its starch belong ? 
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ten ; it is a true vegetable fibrin, mixed with another 
nitrogenized body, gliadine. 

Thus, simply by washing in water, flour may be sep- 
arated into two physiological elements, respiratory and 
nutritive, the former being the starch, and the latter the 
gluten. The relative quantity of these substances dif- 
fers in different samples of flour, and, other things being 
equal, the greater the .amount of gluten the more valua- 
ble the sample, because the more nutritious. 

But civilized man has greatly improved on the simple 
diet furnished by Nature, and, without knowing the im- 
mediate or philosophical reason, has added articles to 
increase the respiratory element. The proverb «ay8, 
" It is good to have bread, but it is better €o have bread 
and butter." Let us examine why it is so. 

Wheaten flour, in its relations to the animal system, 
is defective in one point — ^its respiratory element, the 
starch. Now the constitution or starch is, that in its 
dry state it contains much more than half its weight of 
water, none of its hydrogen being free, but all oxidized. 
It is, therefore, only by the use of very considerable 
quantities of bread that the necessary amount of respi- 
ratory food can be had for keeping up the temperature 
to the proper degree. But if butter be put upon the 
bread, the effect is different. In common with all ole- 
aginous bodies^butter contains an excess of hydrogen, 
and therefore, under the same weight, possesses a very 
high heating power. The defect of tne flour is thus 
compensated, and by the use of quite a moderate quan- 
tity a high temperature can be maintained. 

From an examination of the diet-scales of the educa- 
tional and invalid establishments of London, the prisons 
and the hospitals, the result has been obtained that the 
nitrogenized should be to- the non-nitrogenized food in 
weight as one to five. 

At a mature period of life, animals may be divided 
into two groups, first, the carnivorous, and, second, the 
herbivorous, or those that feed exclusively on flesh, and 

To which class of elementa does its glnten belong ? In what re- 
spect is wheaten flour imperfect ?^ Of what is starch to a large ex- 
tent composed? What is the effect of the use of butter? What 
should be the ratio of nitrogenized to non-nitrogenized food ? Lito 
what groups may animals be divided ? 
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those that feed on vegetable substances. Between these 
may, perhaps, be introduced a minor group, partaking 
of the manner of life of both. 
The carnivorous animal finds in its prey all that is re- 

Quired for nutrition, and the discharge of its functions. 
>igestion under these circumstances is reduced to its 
simplest conditions, and is scarcely more than a process 
of solution. The digestive apparatus has but little com- 
plexity. The stomach may be regarded as a mere en- 
largement or pouch upon the alimentary canal, having, 
along with the intestine, the office of bringing the food 
into such a condition that it can pass into the circula- 
tion. 

In the production of heat and motion the carnivorous 
animal consumes itself, and, through the oxidation in- 
cessantly going on by means of .the air introduced by 
respiratibn, carbonic acid, ammonia, water, sulphuric 
and phosphoric acids are constantly forming. 

On a superficial view it might be supposedithat in 
the other group, the harioiivorous, the case is quite dif- 
ferent. These seem to spend all their lives in obl^aining 
food. The ox or the horse, put out to pasture, is all the 
day long cropping the grass. On a comparison of the 
quality and nature of the food they take with the sub- 
stance of which their bodies consist, there seems to be 
nothing in common. It was not, therefore, without rea- 
son that the earlier physiologists imputed to the digest- 
ive organs of this class the power of forming flesh and 
blood from vegetable matters. When, however, we 
come to a critical examination of the facts, we find that 
there is no essential difference between them and the 
carnivora. 

When the expressed juice of vegetables is permitted 
to stand for a time, though it may have been clear at 
first, a turbidity sets in, and a flaky material is deposit- 
ed. The substance thus possessing the power of spon- 
taneous coagulation is identical in that property, and in 
composition, with animal fibrin. After its deposit, if 
the clear liquid be warmed to near the boiling point, it 

How do these groups differ as respeets their digestiye apparatus ? 
How does the carnivorous animal produce heat ? How is the nutri- 
tion of herbivorous animals accomplished ? What effects occur spon- 
taneously in vegetable juices ? 



24 NUTRIENT MATTERS PRE-EXIST IN PLANTS. 

again becomes tnrbid, and a second nitrogenized sub- 
stance subsides, which, from its quality of coagulating 
by rise of temperature and its analysis, is inferred to be 
identical with animal albumen. When this has been 
separated by filtration or otherwise, and the juice is 
slowly eyaporated, there come on its surface slons of a 
body haying the same qualities as casein ; so fibrin, al- 
bumen, and casein pre-exist in plants. 

Fatty matters of eyery description may also be ex- 
tracted from yegetable products. From leayes, seeds, 
bark, wood, etc., oleaginous bodies can be obtained by 
the action of sulphuric ether. This liquid has the prop- 
erty of dissolying fat, and leaying it on subsequent eyap- 
oration. 

It being thus understood that the food of the herbiy- 
orous anmials contains nitrogenized bodies and- fats 
ready formed, we haye clearer yiews of the frltaction of 
digestion in those tribes. It is not necessary to impute 
to thejr digestiye organs the power of creating flesh 
and fat from yegetable mattir* The office of the ani- 
mal is merely to collect. The two groups being com- 
pared together, the carnivorous animal receives under 
less compass the required amount of nutriment, and its 
digestive apparatus is more compact. But the herbiv- 
orous animal must all the day long collect large quan- 
tities of food, out of which it may extract the little nu- 
trient matter they contain. The carcass of an animal, 
seized by a lion, is almost all digestible, but it would re- 
quire a very large amount of herbage or of grain to be 
supplied to an ox to make up the same quantity of albu- 
men or fat. Hence 'the necessary complexity and size 
of the digestive organs of the herbivorous group, and 
hence many of their habits of life. 

Universal experience, as well as direct experiment, 
proves that in the case of man health can not be main- 
tained on a uniform diet, however it may be with ani- 
mals. A mixed food, changed from time to time, seems 
to be essential. 

What effects occur on heating yegetable juices ? What on erap- 
orating them ? Do fats pre-exist in vegetable products ? Describe 
the sources from which herbivorous and carnivorous animals respect- 
ively obtain their food. What is the cause of the difference of their 
digestiye apparatus ? 
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Undue excesses of albumen, oil, or starch, in the diet 
of an individual, produce a liability to arthritic, bilious, 
and rheumatic affections. An abstinence from fresh 
vegetables and fruits develops scorbutic, and a deficiency 
of oleaginous materials scrofulous disease. It is evident 
that a control over these affections may be obtained, or 
even their cure, to a considerable extent, accomplished, 
by suitable changes in the nature of the food. This is 
strikingly seen in the improvement of the health of sail- 
ors during long voyages, since the introduction of veg- 
etable preparations or acid juices. In 1726, Admiral 
Hosier sailed from England to the West Indies with 
seven ships of the line, and lost his whole crew twice by 
scurvy. The circumnavigation of the globe is now oft- 
en accomplished without the loss of a single man. 

Tables of the value of food, as dependent on chemical 
composition, are of little use in the case of man. The 
art of cooking does not minister alone to the m*atifica- 
tion of the palate, it lends a real assistance to the oper- 
ation of digestion. N^w elements may not have been 
added, nor existing ones removed in submitting the food 
to the action of a high temperature, yet such a change 
is thereby impressed upon it that it becomes more capa- 
ble of digestion, and more subservient to the wants of 
the economy. 

Why is there a necessity for the use of oJIxed food ? What is the 
physiological effect of cooking ? 

B 
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Before the food can be absorbed and carried to all 
parts of the system it must be submitted to certain pre- 
paratory operations. It is necessary to bring it into a 
condition of solution in water, or at }east into a state of 
minute suspension in that liquid. Received in masses 
of a certain size, it is first cut and crushed into smaller 
portions by the teetfi, and then brought from an insolu- 
ble into a soluble or suspended state by the chemical 
action of the digestive juices. 

CONSTRXrCTION OF THE DIGESTIVE APPARATUS IN MAN. 

The digestive tract may be considered as presenting 
six prominent regions — the mouth, the pharynx, the 
oesophagus, the stomach, the small intestine, the large 
intestine. Their relative position and subdivisions are 
illustrated in Figure 1. — l,the tongue; 2, 2, the phar- 
ynx ; 3, 3, the oesophagus ; 4, the velum pendulum pa- 
lati ; 6, section of the larynx ; 6, the palate ; 7, the epi- 
glottis ; 8, the thyroid cartilage ; 9, the medulla spinalis ; 
10, 10, bodies of vertebrae; 11, 12, spinous processes of 

To what operation must the food be submitted before it can be 
absorbed ? Into how many regions may the digestive tract be di- 
vided? Describe Figure 1. 
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ditto; 13, cardiac or- 
ifice of Etomaob; 14, 
Bplenio extremity ; 
15, pyloric extrem- 
ity ; 16, 16, greater 
carvature ; 17, the 
leBB curvature; 18, 
pylorus; 19, superi- 
or tranaverBe por- 
tion of duodenam ; 

20, middle or per- 
pendicular portion; 

21, inferior trans- 
verse portion ; 22, 
gall-bladdei-; 23, cys- 
tic duct ; 24, hepat- 
ic duct ; 26, ductus 
communis choledo- 
chuB ; 26, its aper- 
ture in the duode- 
num; 27, duct of 
tbe pancreas, emp- 
tying into the duo- 
denum near to the 
place of entry of 
the ductus commu- 
nis choledocbus; 28, 
commencement of 
jejunum; 29,29,29, 
jejunum; 30,30,30, 
ileum ; 31, ileum 
opening into great 
intestine ; 32, ileo- 
colic valve; 33, ileo- 
cecal valve; 34, cse- 
cum ; 35, appendix 

. vermiformis; 36,36, 
the ascending colon; 
37, transverse arch 
of colon ; 38, de- 
scending colon; 39, 
sigmoid flexure; 40, 
rectum; 41, anus. 
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In the mouth the food is submitted to a twofold prep- 
aration. It is divided by tlie medtaQical action of tne 
teeth, and also simultaneously mingled witb hqoids bo- 
oreted from the salivary glands. 

In man the number of temporary teeth is twenty, ten 
in each jaw. They are arranged in three classes — four 
incisors, two canines, and four molars for the upper and 
lower jaw respectively. The permanent teeth, eventual- 
ly substituted for these temporary ones, are thirty-two 
Pig.i. in number, classified 

for each jaw as four 
incisors, two canines, 
four bicuspids, and 
six molars. Their ar- 
rangement is exempli- 
fied in Mg. 2, repre- 
senting the lower jaw, 
in which i is the mid- 
dle and lateral incisor, 
c the canine, b the two 
bicuspids, and m the 
The hnrnm lower Ji». three molars. 

The movements of the teeth, dded by those of the 
tongne, accomplish a due abrasion of Uie food, and si- 
mnltaneoasly incorporate it with the saliva. This is, 
therefore, a purely mechanical operation. It is analo- 
gous to the methods resorted to by chemists in their 
laboratories when they prepare solid materials for ex- 
posure to reagents. 

INSALIVATION. PEEPAEATION AKD U8BS OF BALIVA. 

Three pairs of glands, the parotid, submasillary, and 
sublingual, secrete saliva. Of these organs the parotid 
is the largest; its secretion is delivered through the 
duct of Steno. The submaxillary duct is Wharton's, i , 
but the sublingual pours its fluid through many small 
apertures. Sesides these proper salivas, the lining 

To what preparation ia the food snbmilled in the month ? What 
ta the number of temporary teeth in man ? Into what classes are 
the; divided ? What do the teeth accomplish besides the abrasion 
of uie food? How manj glande prepare saliva? 
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membrane of the mouth yields a fluid, the buccal mu- 
cus. 

The parotid saliva is thin and watery, limpid and col- 
orless, inodorous and tasteless. Secreted during fasting, 
or under the use of stimulating food, it is denser. It 
contains so large a quantity of lime that, on exposure to 
the air, it becomes covered with an incrustation of the 
carbonate of that substance. It also contains sulpho- 
cyanide of potassium. Its organic ingredient, if not al- 
buminate of soda, closely resembles that body. 

From the chemical constitution of the sdiva of the 
parotids, the physiological function of those glands, as 
water-supplying organs, is established. They yield a 
certain quantity of watery juice, which, by reason of its 
thinness or fluidity, is readily incorporated with the food 
by the teeth. Parotid saliva appears to have no power 
of transmuting starch into sugar. 

The si^ymaxiUary saliva is also colorless and limpid, 
tasteless and inodorous. It is lighter than the parotid, 
less alkaline, and contains less lime. For this reason, 
when exposed to the air, it does not become incrusted 
with carbonate of that earth. It contains sulphocyan- 
ide of potassium. It is so viscid and glutinous that it 
may be drawn into threads. From this physical prop- 
erty it probably facilitates deglutition by furnishing a 
kind of anti-friction coating. 

The sublingiial saliva is thin and watery, containing, 
like the parotid, but a small percentage of solid matter, 
and probably discharging a similar function. 

Besides the special salivary juices, the lining mem- 
brane of the mouth pours forth a liquid — the buccal 
mucus — a thick and tenacious substance. It is alkaline 
in its reaction, does not coagulate on heating, its insolu- 
ble salts containing no carbonate of lime. It has been 
obtained for examination by tying the ducts of Steno 
and Wharton, keeping the nostrils open and the head 
inclined, so that, the animal being unable to swallow, 
the mucus flows out of the mouth. 

The buccal mucus, if mixed with parotid saliva, does 
not appear to possess the power of turning starch into 

What are the properties of parotid saliva? What are Ihose of the 
snbmaxillarj? What are those of the sublingual ? What are those 
of buccal mucus P How do these juices respectively act on starch ? 
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sugar, but, if mixed with the submaxillary secretion, it 
accomplishes that transmutation with facility. 

The saliva, as obtained from the mouth, is therefore a 
mixture of the secretions of the various salivary glands. 
It is an alkaline juice, of a bluish color or colorless, in 
consistency glairy, readily frothing, and therefore well 
adapted for entrapping atmospheric air. It contains, 
of solid matter, from 0.348 to 0.841 per cent. Its alkali 
appears, for the most part, to be combined with an or- 
ganic substance, ptyaline. 

On standing, saliva separates into two layers ; a trans- 
parent one, which is supernatant, and a grayish turbid 
one below. Its chemical reaction varies to some extent 
with the state of the system ; thus, after long-continued 
fasting, from being alkaline, it may approach the neutral 
state. 

The specific gravity of mixed saliva varies from 
1.004 to 1.009. These variations depend on many dif- 
ferent causes, there being a diminution after the taking 
of drink, and a greater increase after taking food, than 
even is observed in the fasting state. An animal diet 
especially increases it. 

Under ordinary circumstances, the saliva is secreted 
to an amount of from 15 to 20 ounces daily. The exu- 
dation is more copious during mastication, speaking, 
reading, more being produced by the use of hard than 
soft food. Mental emotions exert a control over its 
flow, sometimes diminishing it, as in moments of anxie- 
ty, sometimes increasing it, as by the anticipation of 
food. After eating, the flow continues to a considera- 
ble extent ; it is also provoked by the use of aromatics. 
On irritation of the interior of the stomach through a 
gastric fistula, the flow is simultaneous with that of the 
gastric juice. 

The movements of the jaw and the pressure of the 
food give rise to variations in the quantity of saliva. It 
is perhaps for these reasons that the parotid gland on 
that side of the mouth which is most used in mastica- 
tion secretes more than the other. Of the proportion 

What are the properties of mixed saliva ? What is ptyaline ? 
How much saliva is secreted in a day? What circamstances exert 
A control over its flow ? Do both the parotids commonly secrete the 
same amount ? 
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of the different kinds of saliva in the mixed secretion, 
nothing is known with certainty in the case of man, but 
it- is said that in horses the parotids furnish two thirds, 
the submaxillaries one twentieth, and the sublinguals 
and mucous follicles the rest. The secretion of the sa- 
liva goes on during sleep. 

OmsHtution of Saliva, 

Water 994.10 

Epitheliam and mucus 2.13 

Fat 07 

Ptjaline and alcohol extract 1.41 

Sulphocyanide of potassium .10 

Fixed salts 2.19 

1000.00 

Of the fixed salts the chief are, the phosphates of sodli, 
lime, and magnesia, and the chlorides of sodium and po- 
tassium. The sulphocyanide of potassium varies in 
amount considerably : it increases after meals, and es- 
pecially after the use of condiments, salt, pepper, spices. 
Those articles which contain sulphur, as mustard, garlic, 
radishes, increase its amount in a very marked manner. 

Not only does the saliva, as derived from the differ- 
ent glands, present differences of constitution ; it like- 
wise differs in various animals, and in th^ same animal 
according to its age. This is observed even in the case 
of man. The Saliva of an infant at the breast possesses 
very little power of saccharizing starch, a transmutation 
which that of the adult accomplishes with energy. 

The action of this secretion appears to be limited to 
starch, and certain kinds of sugar, which first yield lac- 
tic and then butyric acid. It does not exert any influ- 
ence in transforming albuminous matter. 

The saliva discharges many functions. It acts as an 
anti-friction coating to the food descending into the 
stomach. It is a necessary intermedium in the sense of 
taste, for substances to-be sa])id must be more or less 
soluble in this juice. K insoluble, they are tasteless. It 
also moistens the interior of the mouth, and prevents 

What proportion is furnished by each of the glands respectively ? 
What are the chief fixed salts of the saliva? What substances in-- 
crease the amount of sulphocyanide ? What is the effect of infant 
and adult saliva on starch ? Describe the general functions of sa- 
liva. 
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the sensation of dryness. Bat its chief duty seems to 
be that of promoting the digestive operation ; for, though 
the food remains in the mouth but a short time, the ac- 
tion of the saliva is prolonged after the masticated mass 
has been deposited in the stomach. Though the direct 
admixture of saliva with gastric juice injures the power 
of the latter, this effect does not ensue in the stomach, 
since they act for the most part separately. The action 
of the gastric juice is superficial, and two distinct opera- 
tions are therefore conducted at the same moment, the 
surface of the food changing under the influence of the 
gastric juice, and the inner portion under that of the 
saliva. I believe that in this manner the salivary juice 
lends itself to stomach digestion, for by its aid starch 
changes into grape sugar, and the transmutation does 
not stop at that point, but goes on to the production of 
lactic ikcid. An acid juice is essential to stomach diges- 
tion. 

It has been suggested that the eventual arrest of the 
action of saliva on reaching the stomach may be due to 
the digestion of its pty aline by the gastric juice. 

The double digestion, partly salivary and partly gas- 
tric, occurring in the stomach, is doubtless one of the 
causes of thc^e differences noticed between the natural 
action of that organ and the artificial imitations of it. 
The influence of the saliva, even under these, which may 
seem at first sight to be unfavorable circumstances, is 
far from being trivial, an effect well illustrated by the in- 
stantaneous manner in which a solution of starch in war 
ter, mixed with an equal quantity of saliva and agitated, 
is transmuted into a solution of sugar. In a few mo- 
ments its viscidity is lost, it fails to give the blue reac- 
tion with iodine, becomes sweet to the taste, and readi- 
ly answers to Trommer's test. 

Besides the duties mentioned, the saliva incidentally 
accomplishes a secondary* object by its power of retain- 
ing gases in its froth or foam. Atmospheric oxygen by 
this means is incorporated with the food during masti- 
cation, and is thus enabled to exert an important influ- 

In what manner is salivary digestion continued in the stomach ? 
In what manner is it possible that salivary digestion is arrested in the 
stomach ? How may the influence of saliva on starch be tested ? 
What is the use of the air carried by insalivation into the stomach ? 
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ence in promoting the action of the gastric juice. For 
to the inception of the change which that jaice impress- 
es on the food, oxygen is necessary. It is brought into 
the cavity of the stomach entangled or dissolved in the 
saliva. 

It has just been mentioned that the action of saliva 
on starch is not restricted to the production of sugar, 
but that it may end in the formation of lactic acid. If, 
therefore, any thing intervenes to check the supply of 
hydrochloric acid, which usually gives acidity to the 
gastric juice, the system possesses within itself the 
means of compensating for the difficulty. In the inte- 
rior of the digesting mass lactic acid is being set free. 
This acid, as has long been known, can replace hydro- 
chloric acid in its physiological duty. 

Since fishes and water animals generally have no sal- 
ivary glands, or only rudimentary ones, some physiolo- 
gists have inferred that the use of the saliva is for the 
commingling of the food with a due portion of water. 
This would reduce the importance of insalivation very 
greatly, and, indeed, is scarcely consistent with the elab- 
orate mechanism of ruminant animals. It is worthy of 
remark that, even among fishes, there are some which 
exhibit a true rumination, as, for example, the carp. 
This is not alone for the purpose of resubmitting the 
food to the abrading action of the pharyngeal teeth, but 
likewise for commingling it with the secretion of the 
pharyngeal cavity. 

Among the functions of the saliva we ought not to 
overlook the influence its rapid secretion must exert on 
the state of tension of the blood-vessels, an influence 
which probably favors the absorption going on in the 
stomach and intestines. 

DIGESTION IN THE STOMACH. 

Thus prepared by mastication and insalivation, the 
food descends into the stomach, passing along the phar- 
ynx, which dilates to receive it. The rima glottidis 
spontaneously closes, and additional security is given to 

What acid may be eventually produced by the saliva from starch ? 
For what purpose is it that certain ii€hes ruminate ? How is the 
condition of the blood-vessels affected by the secretion of saliva ? 
Describe the passage of the food through the^sophagus. 

B 2 ' 
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the respiratory passage by the valve-like shutting of the 
epiglottis. Through the OBSophagus the morsel advances 
by the contraction of the muscular coat, with a wave- 
like or undulating motion onward. The' food is now 
delivered at the cardiac orifice of the stomach, and, en- 
tering that organ, is submitted to the gastric juice ex- 
uding from the mucous membrane. 

The stomach is an expansion of the alimentary canal 
between the cesophagus and the duodenum, of a conical 
figure, the base to the left. It communicates with the 
oesophagus by its cardiac orifice, and by its pyloric with 
the duodenum. It consists of three coats or tunics — 
the serous or peritoneal, which is exterior ; the muscu- 
lar, which is intermediate ; and the mucous, which is in- 
terior. They are connected with each other by cellular 
tissue. The fibres of the muscular coat run in three 
different directions, constituting three layers ; the su- 
perficial ones are longitudinal, radiating from the oesoph- 
agus over the surface of the organ ; those of the middle 
layer are circular, or nng-like ; they are well developed 
about the middle of the stomach, and by their contrac- 
tions sometimes make it assume a divided appearance, 
as though composed of two compartments. Toward 
the pylorus they are also greatly re-enforced. The 
fibres of the third layer take, for the most part, an ob- 
lique direction. The interior or mucous coat is some- 
times termed the villous, from its velvety appearance. 
Its color is very variable ; it is folded into rugsB, admit- 
ting of variations in the distention of the stomach, with- 
out interference with the structure or functions of the 
membranes of which they are a part. The cardiac ori- 
fice is plicated, and the opening into the duodenum is 
through a circular fold with a central aperture — ^the py- 
loric valve, which being surrounded with a band of mus- 
cular fibres acting as a sphincter, the passage from the 
stomach to the intestine may be entirely obstructed. 

The stomach is seen in section Fig. 3, a being the 
oesophagus ; ft, the greater extremity ; c, the smaller 
curvature ; c?, the great curvature ; 6, the pyloric or less 
end ; f^ A, the duodenum ; g^ place of entry of the duo- 

What IS the general shape of the stomach ? How many coats has 
it ? Describe each of l^em. Describe the parts shown in Fig, 3. 



the: stomach. 

Flg.a. 



Section of tbe htmun etomacli ihowing its rancous loleKor. 

tus communiB choledochns and paacre&tic dnct. The 
plaoe of juDctidb of the ceBopbagus is the cardiac region : 
the membrane ia l^ere plicated. The place of junction 
of the duodenam is the pyloric region. 

The typical form of the digestive apparatns is a sac 
with one apertare, serving the double purpose of afford- 
ing an entrtmce to nutritive material, and an ontlet to 
undigested remaine. In a higher condition it may be 
conceived of as a tube open at both ends, and having a 
sac-like swelling on its middle part. Tbe portion of 
the tube fmterior to the sac is the type of the cesopha- 
gns, its apertare answering to the month, the sac-like 
swdling being tbe type of tbe stomach, and the tabe 
leading from it representing the intestinal canal. In 
the more elementary of such forme, vessels arise from 
the walls of the dige^ve cavity, and pass to all other 
parts of the system. These serve to convey the elab- 
orated material. Certain append^es are soon to be 
discovered in connection with this simple digestive 
mechanism. They are for the preparation of salivary, 
gastric, pancreatic, or biliary juices. In size or devel- 
opment they vary with the habits of life of the animal, 
or with tbe nature of its food. Indeed, the same re- 
mark may be made as respects the entire digestive tract 

What 19 the typical form of the iJigestive apparatns ? Hon does 
it p'adaallj become more complex? Wbat appendagea to it are 
gradoallj provided ? 
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of the highest tribes. Thus, in the bat, the length of 
the intestine is to that of the body as three to one, but 
in the sheep as twenty-eight to one. The ruminants 
generally have an intestinal tube of great length. In 
man and in monkeys the proportion is abont five or six 
to one. Again, as regards constraction, there are many 
diversities, the number of digestive dilatations and their 
size corresponding in some measure to the nature of the 
food. 

The interior of the stomach is of a light pink color, 
its velvety surface being coated over with mucus. On 
the introduction ot food or any irritant, lucid points pro- 
trude from the mucous coat; these are the mouths of 
the follicles from which the gastric juice exudes. When 
in activity, the temperature of the interior of the organ 
I is about 100° Fahr. * 

The gcLStric juice is a viscid fluid, with an acid reac- 
tion and faint odor. After filtration tKrough paper it 
is clear and transparent, and possesses all its physiologi- 
cal qualities. The impurities^thus separated from it are 
merely old undigested residues, on which, in no respect, 
its qualities depend. It does not become turbid at 212°, 
remains long undecomposed, and retains its digestive 
power even after it has become mouldy. It does not 
accumulate in the stomach while fasting, but requires a 
stimulus for its ejection, and even then is produced in a 
limited quantity only. It is secreted by the follicles of 
the mucous membrane of the stomach. They are cup- 
shaped cavities, about the two hundredth of an inch m 
diameter, from the bottom of which project two or more 
parallel tubes, the mouth of the cup opening into the 
stomach, and the tubes ending i§ a closed termination 
in the tissue beneath. Toward the pylorus the cups be- 
come deeper, so as to assume the form of a cylinder, 
and the projecting tubes are shorter. Between these 
follicles olood-vessels pass. 

Nearly two thirds of the solid material of the gastric 
juice is pepsin. Exposure to a very low temperature 
does not deteri orate the properties of this substance. 

What is the appearance of the interior of the stomach ? What is 
its temperature? Describe the gastric juice. How is it secreted? 
In what manner are the bloocUvessels related to the follicles ? What 
are its properties ? 
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for it will resume its activity even aller being frozen. 
Bat, on the contrary, a temperature approaching ebulli- 
tion destroys its solvent power, and the same ^ect en- 
. sues when it is neutralized by an alkali. 

The digestive power of this juice is impeded by the 
presence of almost any alkaline salt. It is owing to its 
alkalinity that saliva injures Jhe di- ^ ^ 

gesting power of gastric juice. On ~ 

the contrary, that power is very | 
mnch increased by the presence of . 
fat, which promote the conversion 
of protein bodies into peptones. ' 

In Pig. 4 is a representation of 
stomach follicles and their tnbes in ' 
a vertical section. The specimen 
is from the dog after twelve hours* 
fasting. A represents these strac- 
tnres in the middle region of the 
stomach ; B in the pyloric region ; 
a GE, orifices of the follicles on the 
inner surface of the stomach ; b b, 
different depths at which the co- 
lumnar epitnelium is exchanged for 
glandular ; d, pyloric tubes termina- 
ting variously, and lined to their ex- ^^ 
tremities with columnar epithelium, vertical h 

There are therefore two distinct '^^ d^metm! °'°*°'' 
classes of stomach follicles, differing 
&om each other in anatomical construction, and, as 
there is now reason to believe, also in physiological 
function. It is suspected that the acid of the gastric 
, juice is prepared by one class of these structures, and 
the pepsin by the other. 

Though we have spoken of the follicles as excavations 
or cap-like depressions in the mucous tissue, according 
to the description usually given of them by anatomists, 
it is to be understood that this view of their construc- 
tion is philosophically incorrect, for each, instead of be- 

Wbat is the efffect of an alkaline salt on it? What is the effect of 
fat ? Describe the slomHch follicles shown in Fig. ^. How many 
classes of stomach follicles are there ? What are their supposed 
fnnctions? In what respect is the construction of the stomach hj- 
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ing a mere ezcavatioD, is truly a distinct organism, an- 
alogous in structure and many of its functions to a pol- 

Pi,. B. y^' The hydra, 

a fresh-water pol- 
ype, may be tak- 
en as the type of 
this organism. 
This animal, JPe^. 
5, consists of a 
bag or digestive 
sac, a a, ending 
in a cylinder, 5, 
the opening to 
which is furnish- 
ed with numer- 
ous tentacles, e c 
c ; the tentacles 
enfold in their 
grasp objects on 
which the hydra feeds, and by their contractions carry 
them to the sac. Into the interior of the sac a juice 
exudes possessing digestive powers, and soon dissolving 
food. 

We may therefore regard the follicular structure of 
the stomach as a colony of polypes, the tentacles of 
which are converged into a muscular tube, constituting 
the oesophagus. In a stomach of ordinary size there 
are probably a million of these organisms. Digestion 
is undoubtedly conducted on the same physical princi- 
ples in both cases, though in the polype the food matter 
enters the follicular cavity of which the body of the ani- 
mal consists, but in man is contained in the stomach, 
into which the follicles open, and pour forth their di- 
gestive fluid. 

With respect to the acid constituent of the gastric 
juice, it is hydrochloric or lactic. The latter has prob- 
ably originated in the manner just described by the ac- 
tion of the saliva on starch; the former undoubtedly 
comes from the common salt ingested. Perhaps, under 
a deficiency of common salt, lactic acid discbarges the 



Describe Fig. 5. What is the oesophagus? What is the acid 
constituent of the gastric juice ? 
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entire duty. About twenty parts of gastric juice are 
required to digest one part of dry albumen, and about 
10 ounces are secreted in a day. If the hourly destruc- 
tion of fibrhi in average muscular action is 62 grains, 
about 60 ounces of gastric juice would be required each 
day for muscular repair. A very large demand is there- 
fore made upon the water in the system for this use. 
But here the same remark occurs as in the case of the 
saliva ; the water, after accomplishing its object, is not 
lost to the economy, but is immediately reabsorbed. 

On the deposit of the food in the stomach, a move- 
ment of translation is given to it by the alternate con- 
traction and relaxation of the fibres of the muscular* 
coat, aided to a considerable extent by the respiratory 
movements of the abdominal walls. The course of this 
rotation commonly is, that after passing the cardiac ori- 
fice the food moves from "right to left round the great 
extremity, and then along the large curvature from left 
to right, returning along the small curvatur-e, and occu- 
pying from one to tl^ree minutes to perform this revolu- 
tion, the motion continuing for a few minutes at a time. 

While this is going forward digestion is rapidly tak- 
ing place, and the portions that have sufiered complete 
action are oozing through the pyloric valve into the 
intestine as a semi-fluid and apparently homogeneous 
material called chyme. This process ^as fairly set in in 
the course of an hour, and is usually finished in about 
four. In consistency, color, and chemical reaction, the 
chyme varies with the nature of the food, its chemical 
constitution, and its quantity. 

EXPLANATION OP GASTEIC DIGESTION. 

Such is the general description of the act of diges- 
tion. We have next to enter on a physical examination 
of what it is that really takes place in the stomach. It 
was formerly supposed that digestion is entirely due to 
nervous agency, since, if the pneumogastric nerves be 

How much of that juice is provided each day ? What is the hour- 
ly destruction of fibrin ? Describe the movements the food under- 
goes in the stomach. How long does each rotation require ? De- 
scribe the appearance and formation of chyme. Through what valve 
does the chyme pass ? Do the nerves exert any influence in diges- 
tion? 
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divided, the process is very mach interfered with. Bat 
this interference takes place only in an indirect way, for 
the division of those neives is attended with such a par- 
alysis of the stomach that those movements which so 
well serve to mix up the food with the gastric juice, 
and expel it through the pyloric valve, are put an end 
to. ' 

The acidulating material of the gastric juice is hydro- 
chloric acid. Is it possible by artificial mixtures con- 
taining that substance to reduce food articles to a di- 
gested condition ? This inquiry introduces a descrip- 
tion of the experimental investigations which have been 
made in artificial digestion. 

When water acidulated with hydrochloric acid is kept 
in contact with albumen, no action is perceptible at or- 
dinary temperatures in a moderate period of time. If 
the temperature is raised to about 150° a slow dissolu- 
tion ensues, which becomes better marked as the heat 
rises toward 212°. 

But if to the weak hydrochloric acid thus made to 
act on albumen, pepsin is added, the solution takes place 
with rapidity at moderate temperatures. An ounce of 
water, mixed with twelve drops of hydrochloric acid to 
which one grain of pepsin has been added, will com- 
pletely dissolve the white of. an egg in two hours at a 
temperature of 100°. It acts in the same manner on 
cheese or flesh, these nitrogenized articles being con- 
verted into soluble non-coagulable bodies. The acid 
does not enter into chemical combination with the dis- 
solving organic matter. It may be recovered from the 
solution by resorting to proper processes. 

Pepsin — ^the substance resorted to in these experi- 
ments — may be obtained by macerating the mucous 
membrane of the stomach for a short time in lukewarm 
water. This water, along with a part of the pepsin, re- 
moves various impurities ; it may therefore be cast 
away ; the maceration being then continued with a fresh 
portion of cold water, and this being submitted to filtra- 
tion, and subsequently evaporated at a low temperature 
to dryness, yields the pepsin as a gummy mass. 

In artificial digestion, what is the action of hydrochloric acid ? 
What occars on the addition of pepsin? Describe the preparation 
of that body. 
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Its analysis indicates that pepsin contains less carbon 
and more nitrogen than the members of the so-called 
protein group. 

A weak acid therefore possesses at a high tempera- 
ture the power of bringing into a state of solution the 
various nitrogenized food matters, and at lower degrees 
fails of that property ; but in the presence of pepsin the 
solvent powers are assumed under the latter circum- 
stances, and therefore it is said of this substance that it 
replaces a high temperature. By its aid, hydrochloric 
or lactic acids present in the stomach reduce the food 
to a uniform pulpy mass — ^the chyme. 

Formerly it was supposed that the act of digestion 
was simply mechanical, the food being ground down to 
chyme by the motions of the stomach. Reaumur's ex- 
periments showed the error of this supposition. He 
took smtll hollow silver balls, perforated with holes, 
and, having filled them with meat, caused them to be 
swallowed by a dog. When they had remained in the 
animal's stomach a suitable length of time, they were 
withdrawn by a thread previously attached to them. 
Now if the stomach acted by a triturating or grinding 
power, the material within the ball would be entirely 
protected, but if by a solvent power exerted by the gas- 
tric juice, the digestion should at most be only delayed. 
Accordingly it was found that this was what actually 
took place, digestion being fully, though more^ slowly 
accomplished, the action commencing on the outside of 
the material, and gradually reaching its centre. If the 
balls were kept in the stomach long enough, they came 
out quite empty at last. 

The idea that some mysterious change is impressed 
upon the food by the vitality of the stomach may thercr 
fore be abandoned. It does not appear that there is 
any essential difference between natural digestion and 
the artificial imitation of it, either as respects the order 
of action or the final result. Moreover, the anatomical 
consideration that the food is yet outside the body, 
though it is inside the stomach, should be sufficient to 

How does it stand related to the protein group ? In what manner 
may it be said to replace a high temperature ? Describe the experi- 
ments of Reaumur. What is the final object of digestion ? Does the 
food acquire any vital propeities in the stomach ? 
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remove all errors of that kind. A living surface, such 
as the skin, never exerts any chemical action at a dis- 
tance; and the lining membrane of the stomach, both as 
regards its physiological origin and its anatomical rela- 
tion, is nothing more than a reflected continuation of 
the skin. The act of digestion is completed long before 
the nutrient material is absorbed and thrown into the 
torrent of the circulation. But then, and not till then, 
is the food fairly in the interior of the body. 

Digestion is not, therefore, to vitalize the food, as the 
ancients supposed, nor to communicate to it any new or 
obscure properties ; it is for the purpose of comminu- 
ting, subdividing, dissolvings or bringing it into that 
minutely suspended state that it <)an without difficulty 
be absorbed by the lacteals and veins. There is a com- 
plete analogy between this operation and the artificial 
processes to which the chemist resorts in his laboratory 
for the solution of various bodies. He, too, uses me- 
chanical implements — ^the mortar and pesUe to grind, 
the hammer to crush, the rasp to abrade. When these 
have carried the subdivision sufficiently far, he resorts 
to acids or other solvents, and thus breaks down the 
compactness of the hardest minerals, and brings them 
into the dissolved state. The animal world presents 
us with a thousand illustrations of the principles here 
set forth, mechanical contrivances curiously arranged. 
For instance, birds, whose plan of organization is such 
as to meet the case of locomotion through the air, could 
not have the anterior part of their bodies loaded with 
teeth, accompanied as they must have been with a pow- 
erful muscular apparatus. Such a mechanism would 
have rendered the animal top-heavy, and have been to- 
tally inconsistent with flying. But, to avoid this diffi- 
culty, that which might truly be regarded as the mouth 
is lodged in the interior of the body, nearer the centre 
of gravity. It is the gizzard. Instinct teaches the bird 
to swallow small angular stones ; they serve as tempo- 
rary teeth, and the food, rasped between powerful mus- 
cular surfaces, is soon brought into a fit condition for 
the action of the stomach. The chemist, too, puts frag- 
ments of glass or of qna rtz into the mortar in which he 

Is it illustrated by any artificial operations? What is the func- 
tion of t«*e gizzard of birds ? 
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is oondocling the reduction of a tough or resistiDg sub- 
etance. 

The first object of digestion is, therefore, the aubdi- 
visioD of the food. The operation begins la the month 
by a resort to mechanical implements, and when these 
have carried the process as far as tbey can, the stomach 
continues the duty. In its cavity, when in full activity, 
the temperature is 100°; a periodically increasing and 
relaxing motion of revolution is kept up, gastrio juice 
exudes in definite quantity, the hydrochloric and lactic 
acids exert their action, and in tne coarse of three or 
four hours a complete rednction is accomplished. 

Allusion haa been made tp the probability that differ- 
ent portions of the mucous membrane of the stomach 
discharge functions wholly distinct, one portion being 
devoted to the elaboration of pepsin, another to the se- 
cretion of hydrochloric acid, another to the preparation 
of a special mucus. This view derives considerable 
support from many facts in comparative physiology. 
In those cases in which the food ap- j^ j^ 

proaches, in its mechanical and chem- 
loal condition, to the form which it is 
destined to assume as a part of the 
body of the animal receiving it, the 
stomach is simple in coosti'uciion, and 
is little more than a mere dilatation 
of the alimentary canal. But when, 
as among the herbivora and granivo- 
ra, there is a great difference between 
the form of the food received and the 
form of the tissues to be made, the di- 
gestive sac no longer presents such a 
simple structure, but is parted off into , 
distinct regions, or is actually convert- 
ed into distinct organs. 

Thus, in the insect digestive tract 
shown in Fig. 6, a is the pharynx, b 
the cesophagus, leading into a crop or 
insalivatory pouch, c, and this into the ntBcstive imci of* air. 
gizzard, d, tlie function of wliit^h is to nivorops beeua ■ 

GitB a EnmniHry of iho operiilion of Iho Bttiraach. Does the entire 
interior surface of the stomacti discharge one function? Describe 
the regions indicated in Fig. 6. 
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rasp up and abrade the more resisting portions of the 

food, vhioh, when this is ttccomplislied, passes into the 

true stom&<^, e, and f^_ j^ 

from theoce into the 

intestine,^. Thedel- 

icate vessels about/ 

are supposed to be 

biliary tubes, and h 

glandular secreting 

organs. 

Even in these 
cases of minute or- 
ganization, the mu- 
cous structure re- 
mains the same as 
in larger animals of 
the same mode of 
life. The photo- 
graphic representa- MocociiDeinbimiieofth. 
Uon ID Mff. 1 diB- ^ 

j^. B. plays the same reticulated ap- 

pearance in the stomach of 
the carnivorous beetle as de- 
scribed in the case of man ; 
and undoubtedly, with simi- 
larity of structure there is 
similarity in the manner of 
k action. 

I A regional division of the 
digestive apparatus is also 
presented in the case of many 
birds, as is shown in the pho- 
tographic representation,/*^. 
8, in which we have the di- 
gestive tract of the common 
fowl, a being the cesophagaB 
leading into the insalivatmg 
pouch or crop, ft, which emp- 
ties into the stomach, c, and 
this into the gizzard, d. In 
the stomach, which is rela- 
DigMHre tract ortfae commDii rowL tivcly small, the digesting ma- 
What are the regioDal divisioiis ia the digegtire tract of < 
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terial is mingled with tbe gastric juice before being snb- 
mitted to the action of tbe gizzaid. From the gizzard 
it is paased into the email intestine /,/*. Id tbe figure, 
e is tbe liver, ff, g, the cteca, and A the cloaca. 
In tbe OBtricb, as shown j^p_ 9. 

in _Z*ij. 9, tbe local distribu- 
tion of tbe glandube very 
obviously marks out a re- 
gional dietribation of func- 
tion. C is the cardiac cav- 
ity, the mucous membrane 
of which is studded here , 
and there with glands; G 
G are the snrfaces of the ' 
^zzard. Among the high- 
er quadrupeds, Hie eviden- 
ces of a similar diviBion of 
function are presented. 
Thus', in the dormouse, -K^r. 
10, there are two compart- 
ments : a cardiac, C, and a 
pyloric, P ; the same being 

exhibited more perfectly in intMi«"'"oni«hof Aftian«triciL 
tbe Cape byrax, Mff. 11. In these cases the cardiac 

Fig. W. Fig. 11. 

^^ 

StOdHch of doRDOiiH. Stomub of Capo fayni. 

compartment is often lined with cuticle, but the pyloric 
not. An increase in the number of these cavities oc- 
curs as the food becomes more hetert^eneous. In the 
porcupine, Mg. IB, there are four, and in the porpoise, 
J^. 13, five. 

What principle ia illustrated bj the Figures ttoia 9 to U incla- 
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Fig. M. FI9.lt. 




i:iiplDa. BMmicb of porpolje. 

The case of ruminants posBeaBes a special interest. 
In these there are what might be termed four different 
digestive chambers, as is shown in Mg. 14, in which a is 




msatlTe «TltiH or ft 

the cesophagns ; £, the inglnviee or pannch ; e, the retica- 
Inm or honey-comb stomach ; (f,'th6 omasam, manyplies, 
or third stomach ; e, abomasnm, reed, or foailh stomach ;. 
and^, the pylorns. The food, ronghly triturated in the 
month, enters the ingluvies, in which it is moistened ; 
it then passes into the honey-comb or second stomach, 
which likewise receives directly the water that has been 
taWen, and, afler it has been thoroughly moistened there- 
with, it is returned to the mouth in sraall quantities, to 
undergo a more complete mastication and insalivation. 
Being swallowed again, it is now directed into the third 
stomach, from which it pasBes into the fourth. In this 
it is submitted to a true acid digestion, a gastric juice 
being secreted from the walls of this cavity. It is the 
raucous lining of this cavity which yields rennet. That 
In runiiiiHting animals hon manjr digestire chamhem am there ? 
What are the BCreral uses of those divisious 1 Which it the cavitj 
that fields reD not? 
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these complicated motions and these snccessive actions 
of the different cavities are for the purpose of prepara- 
tion for the true digestion of the fourth stomach, is 
clearly proved by the fact that in the calf the milk pass- 
es directly into the abomasum. 

In view of the preceding facts, it may be concluded 
that, so far from there being any thing in contradictiov 
to the doctrine that different portions of the digestive 
surface of the mucous membrane of the stomach are de- 
voted to different duties, there is strong evidence in sup- 
port of its truth, derived partly from the instances fur- 
nished by comparative anatomy, and paitly from the 
anatomical structure of the gastric mucous membrane. 
The four separate digesting chambers of the ruminating 
herbivora are merely an elaboration of the. structure 
presented by an apparently homogeneous mucous sur- 
face in man. 

The gastric juice not only dissolves, but also, in an in- 
cipient and indirect manner, modifies the food. Protein 
bodies and gelatinous matters yield substances after its 
action of the same composition as their own, but with 
different physical and chemical properties, being readily 
soluble in water, and even in diluted alcohol, and not 
forming insoluble compounds with metalline salts. 
These substances have been designated as peptones; 
and since they may arise without the evolution or ab- 
sorption of any gas, and the quantity of sulphur they 
contain is the same as that in the bodies from which 
they were derived, the action appears to be really an 
assimilation of water, the other ingredients remaining 
unchanged. 

It is interesting to observe the economical manner in 
which the hydrochloric acid element of the gastric juice 
is managed. To the proper understanding of this, it is 
necessary to anticipate what will have to be more fully 
considered in describing the bile, a uniform ingredient 
of which is the oxide of sodium, or soda. The hydro- 
chloric acid of the gastric juice and the soda of the bile 
are derived from the same source — common salt, which 
is either present in the food, or purposely added as a 

Is there reason to suppose that regional diyisions exist in the hu- 
man stomach? What are peptones? How is common salt used in 
digestion ? 



A 
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condiment. Salt nndergoes decomposition easily, yield- 
ing the two prodacts specified, that is, hydrochloric acid 
and soda, and is readily formed by the reunion of these 
substances. 

There exists in the action of the kidneys a special 
provision for preventing the quantity of chloride of so- 
dium present m the blood from rising over 41 parts in 
10,000. This, of course, controls the amount diffused 
through the tissues. The necessity of such a regulation 
becomes apparent when we consider that the rate of 
the solubility of albumen and casein in water is gov- 
erned by the presence of that substance, as is also the 
quickness witn which the coagulation of fibrin takes 
place, and the repair of the waste of the muscles. 

Common salt introduced into the system undergoes 
decomposition, furnishing hydrochloric acid to the gas- 
tric juice, and spda to the bile. Considering the large 
quantity of these secretions produced in a short space 
of time, it is clear that the drain of common salt must 
be great — not less than a third of an ounce a day ; yet 
the quantities consumed, at most, are only small. 

How, then, is this to be explained ? There is no oth- 
er source from which these bodies can come than the 
one indicated — the common salt, and yet it seems to be 
totally inadequate. 

This difficulty is rather imaginary than real. Things 
are so arranged that a limited quantity of salt can pro- 
duce unlimited quantities of gastric juice and bile; for 
the former, associated with the food it has digested, 
scarcely escapes from the pyloric valve before it encoun- 
ters the bile and pancreatic juices discharging into the 
duodenum, and through the length of the upper portion 
of the small intestines, these secretions, together with the 
food they have acted upon, are brought into complete 
contact. The reproduction of chloride of sodium is 
therefore constantly taking place* in intestinal digestion, 
and it returns back to the system through the absorb- 
ents. Again it undergoes decomposition, its acid reap- 
pearing in the gastric juice, and its alkali in the pan- 
creatic juice and bile. By thus using a small amount 

How much of it may exist in the blood ? What substances does 
it yield by decomposition? In what way may a limited quantity of 
it be sufficient ? 
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over and over again, great effects can be produced, and 
it is then only necessary to restore those small portions 
that are wasted in carrying out the general scheme. 

In the low-pressure marine steam-engine we have an 
example of the same kind. A certain quantity of water 
is vaporized in the boiler and condensed in the engine ; 
pumped back into the boiler to be vaporized, and then 
recondensed in the engine. Comparatively little is re- 
quired to supply the wants of the machine, and long 
voyages can be made with only as much water as will 
compensate for the necessary waste arising in the work- 
ing. 

For the sake of presenting the consideration of the 
function of digestion with clearness, it is customary to 
leave out of consideration the subordinate actions tak- 
ing place both in the stomach and intestine. This, 
however, involves a certain amount of error, since respi- 
ratory or non-nitrogenized digestion occurs .in the for- 
mer cavity, and nutritive or nitrogenized in the latter. 
Nevertheless, there can biB no doubt that if our view is 
restricted to the more imposing characters, we are jus- 
tified in accepting the dogma that ^' stomach digestion 
Is histogenetic or nitrogenized, and intestinal digestion 
is calorifacient." 

» Under the most comprehensive point of view, exam- 
ining the action of the entire digestive tract from the 
mouth to the rectum, we discover a recurrent periodici- 
ty. In the mouth, the transitory digestion taking place 
is wholly expended upon the calorifacient food ; in the 
stomach it is the nutritive portion which is chiefly at- 
tacked ; in the duodenum there is a return to the ca- 
lorifacient, and in the cdecum of animals a resumption 
of the nutritive. This last is less apparent in man, for 
in him the caecum exists only in a rudimentary state, 
represented by the appendix vermiformis. 

Intermediate between the classes of calorifacient and 
histogenetic food, belonging, by its composition and 
conditions of digestion, to the latter, but by the function 
it discharges to the former, is gelatine, a nitrogenized 
substance. It appears to be always derived from alBu- 

How is this illastrated by the steam-engine? What is meant by 
the recurrent periodicity of digestion ? In what manner does the 
cascnm exist in man ? 

c 
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men, and any portion which may have been received in 
the food is never directly assimilated or used for the 
fabrication of tissae, but solely ministers to the produc- 
tion of heat. Though thus a, calori£su)igit body, its 
place of digestion is the stomacli. After it has suffered 
the action of that organ it has lost its power of gelatin- 
izing, can no longer be precipitated by chlorine, nor 
give the leather precipitate with tannin. The use of it 
under the form of jellies, soups, etc., is always attended 
with the appearance of an unusual quantity of urea, and 
hence the administration of those domestic preparations, 
under an idea of their great nutritive value, is to be 
looked upon as only a popular error. In an indirect 
way, however, under the conditions of restricted diet, 
usually met with in the sick-room, gelatine doubtless 
maintains an interesting relation to the albuminoid 
bodies in this, that it protects them from destruction by 
undergoing oxidation itself, and so satisfying the re- 
quirements of the respiratory mechanism ; for, were 
there not such a substance present to receive the at- 
tack, the respired oxygen would rapidly bring on the 
waste of the proper nitrogenized tissues. 

Statements respecting the digestibility of different 
articles of food must be received with many restrictions. 
If, as the earlier physiologists believed, the stomach was 
the sole digestive cavity, and the intestine only for the 
purpose of absorption, they would doubtless be much 
nearer to the truth. But when we recall that the di- 
gestion of fats does not even begin until the 'intestine is 
reached, and that the digestion of the nitrogenized sub- 
stances is only in part accomplished by the gastric juice, 
but goes on under the influence of the intestinal Juice 
throughout the whole length of the small intestine, we 
see at once how imperfect and even incorrect ^re the 
indications afforded by such experiments as those of 
Spallanzani, who introduced food articles into the stom- 
ach through the cesophagus in perforated Silver vessels, 
or those of Beaumont, who availed himself of a gastric 
fistula. Neither can we take, in all instances, the time 

What may be observed respecting the digestion of gelatine? 
What nses does gelatine really sabserre ? What circumstances in- 
terfere with estimates of digestibHity ? What experiments were made 
by Spallanzani? 
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which an article of food will remsun in the stomach as a 
measure of its digestibility, for this is known to vary 
with many conditions, as, for instance, the quantity in- 
troduced at a time, and the condition of the organ it- 
self. The white of an egg^ representing soluble albu- 
men, if introduced into the stomach of a fasting dog 
through a gastric fistula, will disappear in less than an 
hour ; but if the whites of eight eggs be introduced, 
portions thereof can be recognized after four hours. 

So far as such examinations go, they do not exhibit 
any marked difference between albumen, fibrin, and ca- 
sein. Gelatine, however, is acted on with remarkable 
rapidity. The experiments which have been made on 
the digestibility of vegetable food introduced through 
gastric fistulsB are obviously of no use, since the chief 
constituents thereof, such as starch and fat, are not even 
influenced in those circumstances until they have reached 
*the intestine. Their passage from the stomach in this 
unchanged state, or changed only so far as their nitro- 
genized ingredients are concerned, may teach us the im- 
portant fact, which should in these inquiries be always 
borne in mind, that disappearance from the stomach is 
one thing and digestion another, and that even though 
a substance may have passed the pyloric valve, its di- 
gestion, far from having been completed, may not as 
yet have commenced. 

The digestion of nutritive or nitrogenized material — 
histogenetic digestion — is therefore carried on in the 
stomach mainly ; and though first mechanical, and then 
chemical agencies are resorted to, the object is through- 
out the same — to obtain the food in such a divided and 
changed state that it can pass, dissolved in water, into 
the capillary vessels. 

How does the quantity of food affect these estimates ? What food 
articles altogether escape digestion in the stomach ? To what class 
of food is the action of that organ restricted 
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CHAPTER IV. 

OF CALOBIFACIENT OB INTESTINAL DIGESTION. 

Nature of Intestinal Digestion. — Strv/sture of the In- 
testine. — Digestive Fluids of the Intestine. — 2%e 
Pancreatic Juice. — 2%6 Enteric Juice. — Juice oflAer 
herkuhn. — Secretion ofPeyer^s Glands. — lUustrcUion 
of Intestinal Digestion from the making of Wine. — 
ifaJcing of Bread. — Influence itfHeat over Ferments. 
— Comparison of Gastric ana IrUestinal Digestion. 
— Changes of the Intestinal Contents. — The Foecal 
JResidues. 

Aptbb the ohyme formed in the stomach has passed 
through the pyloric valve into the small intestine, the 
influence of the 'gastric juice continues for a certain 
time, even after the bile and pancreatic juices have been 
reached. Since their action must be necessarily, in the 
first instance, superficial, the interior of the mass is still 
undergoing stomach digestion. 

But, setting aside this incidental result, which at the 
most can not be of long duration, the digestive opera- 
tion taking place in the part of the intestmal tract now 
under consideration is upon the heat-making food. 

The organ in which cdorifacient digestion takes place 
may be described as a tube bounded by two valves, the 
pyloric above and the ileo-c»cal below. Its length may 
be estimated at about twenty feet. The digestive sur- 
face, making a due allowance for its increase by reason 
of its valvular structure presently to be described, can 
not be much under 3500 square inches. The dimen- 
sions of the calorifacient digesting surface are therefore 
far greater than those of the nutritive. 

The interior and acting portion of this* tube presents 
two different systems of apparatus, and is occupied in 

Why is it that stomach digestion continnes in the intestine ? To 
which class of food is intestinal digestion, however, devoted ? What 
is the length and surface of the intestinal tube ? What two systems 
of apparatus does it contain ? 
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the discharge of two totally distinct fanctions, digestion 
and absorption. It is, perhaps, this double daty which 
demands so extensive a surface, and not the necessities 
of heat-making digestion alone. 

Like the stomach, this tube consists of three coats — 
a serous, a muscular, and a mucous. The latter is gath- 
ered up in its interior into numberless projecting folds 
— the valvulsB conniventes. These serve to increase the 
surface to which the food is exposed, and perhaps af- 
ford a mechanical obstacle to its passing too quickly 
forward. They tend also to break the continuous mo- 
tion, and bring the interior parts of the chyme to the 
surface. The onward movement is of course die to the 
pressure exerted conjointly by the straight and circular 
fibres of the muscular coat. Anatomists divide the tube 
into three portions — the duodenum, jejunum, and ileum. 

Soon after the chyme has escaped through the pyloric 
valve into the duodenum, it comes under the influence 
of the bile and pancreatic juices, sometimes dischars^ed 
upon it at a common point, and sometimes at a liftle 
distance apart. Almost simultaneously it is submitted 
to the mechanical action of the valvulse conniventes. 
As the intestine is distended, these project with a cer- 
tain degree of turgidity, and accomplish their mechan- 
ical object. 

But, besides the pancreatic and biliary fluids, there 
are other juices thrown upon the passing chyme — the 
enteric juice, coming from Brunner's glands, and a li- 
quid oozing from the follicles of Lieberkuhn. More- 
over, the organisms known as Peyer's glands are afiect- 
ing the contents of the tube. Of each of these it is nec- 
essary therefore to speak. 

1st. The PaTicreatic juice, secreted by the pancreas, 
an organ bearing a resemblance in its anatomical con- 
struction to the salivary glands, and hence usually re- 
garded as one of that group. The juice itself is analo- 
gous to saliva, being viscid, and in its reaction alkaline. 
It is said to contain no sulphocyanide nor any suspend- 
ed particles. It acts upon starch even more energetic- 

What are the valvulae conniyentes ? What is their use ? How 
do anatomists divide the intestinal tube ? Mention the juices poured 
into it. From what glands does the enteric juice come ? What are 
the properties of the pancreatic juice ? 
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all^ than saliva, transmntin^ it into sugar and lactio 
acid, and npon fats by forming them into an emulsion, 
so that they are readily absorbed. This has been found 
to take place in artificial experiments by sabmitting &t 
sabstanceB to the juice at a temperature of 100°. 

As would be inferred from the difference of emulsify- 
ing power between the saliva and this juice, its organic 
matter differs from ptyaline. It is estimated that the 
standard secretion of it is from five to seven ounces per 
diem. The action of the pancreatic juice appears to be 
lin\ited to the upper half of the intestine. 

2d. The Enteric juice is secreted by the organs known 
as Bniimer's glands, the structure of which has a cer- 
tain analogy to the preceding, and, like it, these doubt- 
less belong to the salivary group. Brunner's glands 
occur chiefly in the upper part of the small intestine, 
presenting themselves in the siibmucous tissue thereof 
as little bodies, commonly compared by anatomists to 
hemp-seeds. They consist of lobules with ducts com- 
municating with a common outlet. Their secretion pos- 
jfjg lij^ sesscB a more energetic 

power when miied with 
bile and pancreatic juice, 
than the pancreatic juice 
alone, in producing fatty 
emulsions. 

In Mg. 15, a half dia- 
gram of one of these 
glands, a a represents the 
mucous surface of the in- 
Di««mofBmDn«'.«UDd.. testme, and b the lobula- 

ted gland, discharging its 
secretion through a common duct. 

3d. The secretion ofthefoUides qfXieberkuhn, which, 
as shown in Mg. 16, are straight, narrow, cieoal depres- 
sions of the mucous membrane, found all over the small 
intestine, and in a general manner analogous to the tu- 
bular follicles of the stomach. Their interior is lined 
with columnar epithelium, and in depth they are equal 
to the thickness of the mucous membrane, their closed 



How much of it is secreted per diem ? 
teatine does it operate? Describe the i 
sod that of the foUicles of Lieberkahn, 
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enda beiog therefore in contact ^''n- m. 

with the aabmucoas tiesne, and ' 
their months opening into the in- 
testine. In a Btato of health they 
contain a clear mucus-like secre- 
tion. In infiammationa of the part 
they are filled with a more opaque, 
whitish liquid. From their resem- 
blance to the follicles of the atom- 
aoh which secrete pepsin, it may 
be presumed that they possess a 
Bomewhat similar function ; but in 
the stomach, the resulting secre- 
tion is brought in relation with Dii>Brainof^eie.otuet«r. 
acids ; in the intestine, with alka- 
line bodies; and hence the physiological action may dif- 
fer in the two positions, thongh the stmcture and pri- 
mary function may be the same. 

4th. The secretion of Peyer'a glands. These may be 
described as circular apota, of a whitish color, and about 
the tenth of an inch in diameter, constituting glandular 

Satchea full of cell germs, tinl without any excretory 
uct opening into the intestine. It is supposed that 
they discharge their contents by rupturing at a cer- 
tain stage of their development. Tho solitary and ag- 
minate glands appear to belong to the same physiolog- 
ical group. ' 

The two conditions of ^- "■ 
the Peyerian glands are ^ ^'^ii 
shown in Mg. 17, the . «>j?^ls® 
right one being empty, i^*®^ 
its contents having been 
discharged, the left one 
still full. By some it is 
denied that these bodies 
are connected with intes- 
tinal digestion. The facta 
that vascular loops pass ^^""■' »^'^ 
into their granular contents, and that the lactcals bear a 
definite relation to them, seem to indicate that they are 
rather portions of the absorbent mechanism. 
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5th. The bile. Of this it is not now necessary to 
give a detailed description, since that will occur more 
appropriately in treating of the functions of the liver. 
For the present purpose, it is sufficient to state that bile 
is a greenish-yellow liquid, of bitter taste and alkaline 
reaction. 

It does not %|ppear to exert any agency in effecting 
the digestion of either nitrogenized or amylaceous bod- 
ies. The period of its maxunum production, which is 
13 or 14 hours after a meal, does not coincide with the 
period of most energetic digestion. 

With these statements of the nature of the various 
juices passing into the small intestine, we may proceed 
to investigate the phenomena of the digestion carried 
on in that tube. 

Of respiratory elements, starch is one of the most im- 
portant, occurring as it does in abundance in vegetable 
food. It can not be made use of in the system without 
first being transmuted into dextrine, sugar, and eventu- 
ally lactic acid, these changes being greatly expedited 
if It has been previously prepared by boiling in water, 
or other equivalent operations of cooking. The saliva 
commences the action, which in man is even prolonged 
in the stomach, and in the herbivora still more decisive- 
ly in the paunch, in birds in the crop. On gaining the 
stomach, the farther transmutation of the starch is ar- 
rested by the gastric juice, but after reaching the .duo- 
denum it is resumed with greater energy than ever, un- 
der the influence of the pancreatic juice. Reaching the 
ileum, the intestinal juice continues the action, though 
with less vigor. In this passage to the large intestine, 
the starch is gradaallv assuming the condition of dex- 
trine and sugar, the rormer substance passing into the 
latter with such facility that it can only be recognized 
transiently. Doubtless the sugar thus arising is in great 
part directly absorbed, though some, before the csecum 
is reached, is transmuted into lactic acid, and other por- 
tions, after passing through the ileo-csecal valve, into 
butyric acid. 

What is the bile ? Is it concerned in digestion ? What is the 
time of its maximum flow ? What change must starch undergo be- / 
fore absorption ? What juices accomplish that change ? What be- 
comes of the sugar arising ? 
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From what has been observed respecting starch, it 
may be inferred how important sugar is, since through 
the condition of sugar alone is starch available for the 
uses of the system. It is to be recollected, however, 
that sugar itself is only an intermediate or transitory 
stage, a consideration which explains the circumstance 
that it does not occur even in the portal blood to such 
an extent as might be expected, nor yet in the chyle. 
Some have been led to infer from these facts that this 
substance, like gum, is in reality only very tardily ab- 
sorbed, an opinion they suppose to be strengthened by 
the circumstance that glucose or any other kind of sug- 
ar, introduced into the jugular vein, runs through the 
course of the circulation, and is secreted unchanged by 
the kidneys. But it is to be remembered that portal 
blood is very different from the proper systemic blood, 
and that there are many changes, beyond all question, 
taking place with rapidity in the former, but which do 
not take place in the latter. 

Sugar, whether it has been received as an ingredient 
of the food, or arisen from the metamorphosis of starch, 
is, as we have said, only a temporary form, passing 
quickly onward to the state of lactic acid. To this we 
must impute the acid reaction observed throughout the 
length of the small intestine, and which can not be at- 
tributed to the gastric juice, a reaqtion occurring in spite 
of the alkalinity of the bile and pancreatic secretion. 
This pushing forward to the state of lactic acid is very 
generally imputed to the intestinal juice, which greatly 
re-enforces the power of tBe saliva and pancreatic fluid. 

On examining the process of the production of lactic 
acid during the souring of milk, we observe that every 
thing depends on the change occurring in the nitrogen- 
ized principle, the casein. This, under the circumstan- 
ces, takes on an incipient oxidation, and compels the 
sugar atom so to divide as to give rise to the produc- 
tion of lactic acid. This ceases the moment the casein 
ceases to change, and recommences the moment the ca- 

What fact has led to the supposition that sugar and gum are tard- 
ily absorbed ? Into what does sugar change ? What juice occasions 
this? Describe the production and properties of lactic acid. What 
are the circumstances under which- lactic acid arises in milk ? In 
that change, what is the influence of the casein ? 

C 2 
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sein is permitted to reoxidize. The destruction taking 
place in the casein is propagated to the sugar, the phys- 
ical peculiarity being that each atom of sugar is merely 
divided, fissured, or split, and gives rise to the produc- 
tion of two atoms of lactic acid, and no other substance. 
The whole proeess is therefore essentially one of subdi- 
vision, a conclusion to be carefully borne in mind in ap- 
plying these experimental principles to the physiologi- 
cal function of digestion. So far as the result is con- 
cerned, the two cases are the same. 

We can not here fail to remark how the process of 
comminuting the food is carried forward to such an ex- 
tent that the absorbent vessels are able to take it up. 
The action first begins, as has been shown in detail, by 
cutting and crushing implements, the teeth, and when 
these have carried the subdivision as far as mechanical 
means can, it is continued by chemical agents. Upon 
these principles, the pancreatic juice divides starch into 
lactic acid m duodenal digestion — a product which, 
without difficulty, finds its way at once into the system. 

Besides starch and sugar, there is another group of 
bodies belonging to the class of calorifacient food. In 
the case of carnivorous animals it seems to be exclusive- 
ly employed. The fats and oils constitute this group. 

The action of the pancreatic and enteric juices upon 
these bodies is to bring them into the condition of an 
emulsion, as may be easily proved experimentally. That 
this occurs in the intestine appears from the fact that 
if the pancreatic duct be tied, no emulsion forms, and 
the chyle in the lacteals is limpid instead of being milky. 
In the rabbit this duct opens much lower in the intes- 
tine than the biliary, and it is observed that it is only 
after the food has passed that point that it becomes 
emulsioned. The place for pancreatic digestion seems 
to be very constant in tribes that are far apart in hab- 
its of life. Thus, in fishes, the pancreas consists of a 
coronet of csBcal tubes, surrounding the pyloric extrem- 
ity of the intestine, each opening into that organ by a 
separate mouth. 

What is the true natnre of the change of sugar into lactic acid ? 
What is the general nature of digestive operations ? What is the , 
calorifacient food employed by carnivorous animals ? What action 
do the pancreatic and enteric juices exert on fats? 
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The fats reach the duodenum without undergoing 
any change. There, under the influence of the pancre- 
atic juice, they become subdivided into extremely mi- 
nute portions, which, absorbed by the lacteals, give to 
the chyle its characteristic aspect. Beyond this condi- 
tion of subdivision no other change is thus far impressed, 
the fat of the lacteals being absolutely the same as that 
of the chyme. To the introduction of fat into the lac- 
teals, the presence of bile seems to be necessary, or, if 
not absolutely necessary, absorption is greatly facilita- 
ted by it. 

Directing our attention now more particularly to the 
phenomena displayed by a changing nitrogenized prin- 
ciple, the following illustrations will serve to show that 
there is nothing mysterious in its. operation. Out of 
many cases that might be selected, those now to be of- 
fered are more particularly interesting, since they refer 
to substances extensively used in the diet of man. 

T'irst, of wine. A grape, if perfectly sound, will keep 
for a considerable length of time without undergoing 
any change ; but if a puncture be made in it to give the 
air access, it rapidly deteriorates. The precise change 
taking place is perhaps better understood by observa- 
tions on the expressed juice of this fruit. If grapes be 
pressed beneath the surface of quicksilver, and the juice 
be collected in an inverted jar, without ever coming in 
contact with the atmospheric air, it may be kept for a 
long time without any apparent change ; but if a small 
quantity of air, or only a single bubble of oxygen is per- 
mitted to enter the jar, and the temperature is that of 
a summer's day, a commotion os. fermentation at once 
ensues, carbonic acid escapes, alcohol arises in the liquid, 
and the sugar which was in the grape-juice disappears. 
But the quantity of sugar thus capable of being de- 
stroyed is limited, and a point is eventually reached at 
which no more sugar can be decomposed, and no more 
carbonic acid set free. 

The juice of the grape contains a nitrogenized princi- 

Do the fats undergo any change before reaching the duodenum ? 
Describe what occurs to them there ? What condition is necessary 
for the activity of changing nitrogenized bodies ? Illustrate their 
action from the making of wine. How is it that, in that operation, 
carbonic acid and water arise ? 
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pie resembling albumen. It is this which is in reality 
the active body. So long as oxygen is excladed. this 
nitrogenized substance remains unaltered, but the mo- 
ment the air finds access a change be^s. The sugar 
present in the juice becomes involved m the movement 
going on ; this is propagated bv degrees to all its atoms, 
dividing each into two well-known and well-marked 
bodies. The period at which no fiirther change takes 
place in portions of sugar which may have been pur- 
posely added is when the nitrogenized principle has dis- 
appeared. 

Carbonic acid and alcohol are the two substances aris- 
ing in this decomposition. Their mode of origin is ob- 
vious when it is understood that one atom of sugar can 
be so divided as tQ yield four of carbonic add and two 
of alcohol. 

Second, of bread. If, in the preceding case, a trans^ 
muting nitrogenized body breaks the sugar atom so 
that alcohol is one of the products, and upon this prin- 
ciple all wines and intoxicating liquors are made, the in- 
stance now presented is of far more interest to the well- 
being of man. The use of wine undoubtedly adds not 
only to social enjoyment, but sometimes conduces to 
health — a benefit, alas ! often attended with a thousand 
ills. Not so with bread, emphatically and truly de- 
scribed as the staff of life. 

The making of wine and of leavened bread are two 
of the oldest chemical processes. Their origin is lost 
in a remote antiquity, and so universally are their ben- 
efits acknowledged that their use is diffused all over the 
world. 

Experience proves that the best bread is made from 
fine wheaten flour, mixed into a paste with a due pro- 
portion of water. A certain quantity of a nitrogenized 
substance undergoing incipient oxidation, termed yeast, 
is added, and the whole submitted to a gentle tempera- 
ture. All flour contains a small quantity of sugar ; on 
this the yeast immediately acts, dividing it, as in the 
former case, into carbonic add and alcohol. If enough 
sugar is not present, more under the circumstances is 
formed from starch. The acid gas, as it is set free, can ' 

Btustrate it from the making of bread. What is the use of the 
yeast in that operation? 
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not extricate itself from the sarrounding dough, but ex- 
pands into a thousand little vesicles or bubbles, which 
give that peculiar porosity for which this kind of bread 
is so highly prized. At this period, before baking, the 
other substance arising from the destruction of the sug- 
ar — the alcohol — ^is contained in the dough, and is ex- 
pelled therefrom along with the excess of water by the 
high temperature of the oven, which also, by increasing 
the expansion of the included gas, adds to the porosity 
of the bread. 

On some occasions, instead of using yeast, a piece of 
leaven, that is, dough in a state of incipient putrefac- 
tion, is employed. The mode of action is, however, the 
same. The use of this material well illustrates the pro- 
gressive nature of these changes, and how the action 
gradually passes from point to point of the entire mass. 
" A little leaven le^veneth the whole lump.'* 

In the cases here presented the action is one of sub- 
division. A complex atom has its constitution broken 
% and is sepa]:ated into distinct parts. When such a 
change is once commenced in a mass, there is a liability 
for the whole to become involved, just as, when we ig- 
nite one point in a pile of combustibles, the fire spreads 
throughout ; or as, when on one part of a piece of fresh 
meat a small portion in a putrescent state is laid, the 
corruption, with measured rapidity, proceeds from part 
to part, until the whole is decayed. One after another, 
the particles submit in succession. 

Over all these subdividing actions heat exerts the 
most extraordinary influence, so that for a given effect 
to be produced it is absolutely necessary that a given 
temperature should be maintained. Thus, if we take 
the saccharine juice of almost any kind of fruit, and 
cause it to be acted on by a changing nitrogenized body, 
it will yield, as just stated, alcohol and carbonic acid so 
long as the temperature ranges about 75^ ; but, every 
thing remaining the fiame, if the temperature be raised 
to 100** or 120**, neither alcohol nor carbonic acid is 
formed, but in their stead other products arise, such as 

^^BH^^^^a— ^i^B—^^^— aH^^^^^^^^^^^^^^^I^^^^i^^HI^^BSB^-a^— ^^H^BM^I^^aM^^^^^i^^l^^^^H^^^^l^aaHBB^— ^^»-B^ii^^^^iM_aB^B^^^B^^.^BHa^_^M_^Bl^^B^^^^H« 

What becomes of the alcohol of the dough ? How is it that leaven 
acts ? What is the chemical nature of these ferment actions ? What 
influence does heat exert over them ? Compare the fermentation of 
fruit juices and milk at different temperatares. 
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lactic acid, gam, and manna. Though, therefore, decom- 
position will go on throughoat all this range of temper- 
ature, the products will vary very much, alcohol being 
formed at a low, and lactic acid at a high degree. 

Again, the decomposition of milk famishes a very in- 
structive instance. When the temperature ranges from 
60° to 76°, the liquid turns sour, owing to the forma- 
tion of lactic acid ; but if the temperature is over 90°, 
the products are different, for now a true vinous fer- 
mentation sets in, alcohol and carbonic acid appearing. 
It is on this principle that the Tartars make an intoxi- 
cating liquid from mare's milk. The fermentation of 
milk, therefore, yields lactic acid at a low, and alcohol 
at a high degree. 

On comparing these illustrations, the results stand in 
direct contrast, but both show the great influence a 
specific degree of heat exercises over such subdivisions ; 
and, as a consequence of this principle, which obtains 
equally in the physiological case, we recognize the ne- 
cessity of maintaining the cavity of tha stomach and ill- 
testine uniformly at a fixed temperature, otherwise there 
would cease to be any uniformity in the subdivision of 
the food, occasioned by the digestion there going on. 
These principles, moreover, lead to the explanation of 
the action of such stimulating substances as alcoholic 
liquids, pepper, etc., which at once determine a local el- 
evation of temperature ; tliey also explain the injurious 
effects ensuing from intemperate draughts of ice-cold 
water. 

A nitrogenized substance, in a state of change, can 
thus bring about a definite action on fibrin, coagulated 
albumen, or casein in the stomach, or on starch in the 
intestine, so long as a temperature of 100° is maintained, 
but in every known instance this transmuting power is 
totally destroyed by exposure to a very low or very 
high degree of heat. Large masses of animal matter — 
Whole carcasses — may be preserved for many centuries 
unchanged if the temperature is kept down to 32°. A 
striking example of this occurs in the case of the extinct 
mastodons occasionally thrown on the shores of the 
Polar Sea from icebergs, in which they have been en- 

- Why is it injudicioas to use undue quantities of ice water ? 
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. tombed for many thousand years, their flesh remaining 
in a perfectly fresh and undecayed state. And as re- 
spects a high temperature, an exposure to 212° totally 
destroys the power. On this principle, all kinds of meat 
or vegetable substances may be indefinitely preserved. 
If such are inclosed in metallic canisters, so as totally to 
exclude the atmospheric air, and exposed to a bath of 
boiling water, they may then be carried round the world 
without undergoing any change. 

From a review of all the preceding facts, we may 
conclude that a nitrogenized substance secreted by the 
follicles of the stomach, and undergoing incipient oxida- 
tion, acidulated with hydrochloric acid obtained by- the 
decomposition of common salt, or with lactic acid pro- 
duced by a continuation of salivary digestion, has the 
power of dissolving coagulated albumen, and generally 
those articles of food belonging to the nitrogenized class; 
that this goes on in the stomach, it. being the function 
of that organ to effect the digestion of this kind of food, 
and thereby contribute to the general nutrition of the 
system. The muscular tissues are supplied from this 
source, and by the stomach their waste is repaired. 

Another and distinct digestion takes place in the in- 
testine, commencing immediately after the food gains 
> the duodenum. It too is brought about by the action 
of a special liquid, a mixture of the pancreatic and in- 
testinal juices. The chemical reaction of this juice is 
alkaline ; in this respect it is therefore antagonistic to 
the gastric juice. This quality is due to the soda it 
contains, a substance derived co-ordinately with hydro- 
chloric acid from the decomposition of common salt. 
The digestion of starchy and saccharine bodies is thus 
effected by dividing them so as to produce lactic acid. 

This done, common salt is reproduced by the com- 
mingling of the gastric, biliary, and pancreatic products 
together. The salt is carried by the absorbents into the 
interior of the system, to be again decomposed. 

Moreover, the pancreatic and enteric juices reduce 
the oleaginous and fatty bodies to the condition of an 

What is the effect of a high temperature on ferment ? Compare 
together the digestive operation going on in the stomach and that 
going on in the intestine. How is it that the common salt is used ? 
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emulsion, or, if they be not present in the food, give or- 
igin to them. 

Of the salt substances usually occurring in the food, 
most disappear during their passage through the intes- 
tine ; more particularly is this the case with those of a 
very soluble kind. Of the sulphates and chlorides of the 
food, not even a trace may occur in the excrement. K 
these substances should not be required for the uses of 
the system, they are promptly removed by the kidneys, 
and in the same manner are disposed of any abnormal 
salt substances which may have been purposely admin- 
istered, as, for instance, iodide of potassium. 

The gaseous contents of the intestine originate in part 
from the air that has been introduced during the masti- 
cation of the food, in part from fermentative processes 
occurring after certain articles have been used which 
are only imperfectly digested, and in part from the en- 
dosmosis of gas from the blood through the walls of the 
intestinal capillaries. As compared with atmospheric 
air, though the composition must necessarily be very var 
rious, the intestinal gas shows a great excess of carbonic 
acid and nitrogen, a diminution and sometimes even a 
total absence of oxygen, the presence of pure hydrogen, 
and of its carburets and sulpburets. The quantity of 
this latter gas is less than might be expected, and, as 
would be anticipated from the circumstances, the accu- 
mulation of gas is much more abundant in the large than 
in the small intestine. 

As the digested mass passes onward, driven by the 
peristaltic motions through the convolutions of the in- 
testine, it becomes of a more solid consistency, the ab- 
sorbents gradually removing the liquid portions. By 
the time it has reached the csecum, the same effect which 
arose in the stomach from salivary digestion is repeated, 
for the traces of unabsorbed lactic acid cause nutritive 
digestion to be again feebly resumed, at all events in 
herbivorous animals, if not in man, whose caecum is rudi- 
mentary, under the form of the appendix vermiformis. 
The ejffete remains are finally voided as faeces. Their 

From what have emulsions arisen ? What becomes of the salt 
substances as the food advances in the intestine? What are the 
chief intestinal gases ? How have they originated ? What occurs 
in the caecum of the herbivora? ^ 
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average, exclusive of water, is only about 1^ ounce per 
day. These excrementitious remains, colored yellow by 
the coloring material of the bile, are partly derived from 
the residues of the food which have been unacted upon, 
and partly from the decay of the system itself. The 
microscope shows the remains of cell membranes, and 
the walls of vegetable vascular tissues, starch granules, 
and chlorophyll, the relics of cartilaginous and fibrous 
tissues, shreds of muscular fibre, fat-cells. From the di- 
gestive tract there have been derived mucus corpuscles, 
epithelial cells, and the coloring matter of the bile. Per- 
haps, too, much of the water which gives consistency to 
the faeces has been derived from the intestinal walls, for 
in quantity, under certain circumstances, it may exceed 
the amount that has been used as drink. In fact, nearly 
one fourth of the whole quantity of water in the body 
has exuded into the intestine and been reabsorbed. 

It is interesting thus to observe how the death of one 
part of the body ministers to the life of the rest ; for the 
nitrogenized and active principles of the juices secreted 
for the accomplis'hment of digestion are in a descending 
career, and are truly dying matter. The incipient stage 
of decay through which they are passing reacts on the 
food, and prepares it to replace those parts of the body 
which are ceasing from activity, and about to be re- 
moved. / 

'"''"'" ' " -■■■■■■I N - ■■ ■■■■■ ,, .^MMM — ^— I 

What becomes of the coloring material of -the bile? Of what do 
the excrementitious residues consist ? Why is it that the intestinal 
water may increase so much ? What advantage is taken of the de- 
cay of material in the body ? 
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CHAPTER V. 

OF ABSORPTION. 

Double MechanUvn for Absorption, — Th^ LdcteaU and 
Veins, — Lacteal Absorption. — Description of a VU- 
lus. — Introduction of Pat by the Villi. — ITie Chyle. — 
Causes of the Flow of Chyle. — Intermediate Changes 
on its Passage to the Blood. — Action ofPeyer's Pod- 
ies. — Lymphatic Absorption. — Nature o/" lymph. 
— Structure of the Lymphatic System. — Junction of 
the Lymphatic System. — Production ofPtbrin. — Cur 
taneous Absorption. — Causes of the Flow of Lymph. 
— Apparent selecting Power of the Absorbents, 

The food, after digestioD, though in the aHmentary 
tract, is exterior to the animal system. Means have 
^therefore to be resorted to for its introduction into the 
circulation, and its distribution to every part. This is 
accomplished by a double mechanism, one portion of 
which is adapted to the digestion occurring in the stom- 
ach, the other to that completed in the intestine. The 
veins profusely spread on the walls of the digestive cav- 
ity constitute the former apparatus, the lacteals the latter. 

• 

THE LACTEALS AND MESBNTEBIC OLAKOS. ABSOBPTIOK 

OF FAT. 

The lacteals may be described as delicate tubes, con- 
veying materials absorbed from the intestine into the 
blood. Their mode of origin may be understood by 
considering them as projecting with a fine but blunt end 
from the inner coat of the intestine. The projection is 
covered over with smooth muscle cells and a plexus of 
blood-vessels, a continuation, as it were, of those of the 
mucous coat of the intestine itself; they are held to- 
gether by connective tissue, and over that is cast a cov- 
ering of cylindric epithelium. This construction con- 
stitutes what is called a villus, the shape of which is coni- 

What is the object of absorption ? Of what use are the veins in 
absorption? Of what use are the lacteals? Describe a lacteal. 
What is a villus ? 
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Fig.18. cat, or perhaps cyl- 

indrical. The villus 
may then be regard- 
ed as a process of mti- 
coua membrane. 
Fiff. 18 represents 
\ the distribution of 
J blood-vessels to the 
villi of the intestine 

-ft __ — ,- , „^ of the monkey. The 

I figure was drawn by 
the camera ]ucida,aa 
being the arteries, - j^.ia. 

bb the veins. 

The form of the 
villi differs in differ- 
ent regions of the 
intestine. In the 
duodenum they are 
less elevated, lam- , 
inated, and broader, 
Fig.\9. Inthejeju- I 
nam, more project- 
ing or cylindroid, 
Jiffi'.20,p.68. Inall 
cases, however, they 
are abundantly sup- 
plied with blood- 
vessels. Their epi- DbtribaUon of blasd-'ewls on Ibe tUU of the 

thelial covering of duodemim. 

cylindroid cells is shown in the sectional diagram, Mg. 
21, a a, p. 68; at hb is the origin of the lacteal arising 
olwcurely. 

So amply are the villi supplied with btood-vessels, 
that if, after injection with coloring material, their cylin- 
dric epithelium be removed, they seem to be tinged all 
over. Each cell of the epithelium appears to bo filled 
with granular matter, and to have a well-marked nncleus. 
Some anatomists assert that that end of these cells near- 
est the cavity of the intestine is in reality open, and in 

What is the tbrm of the villi in the daodeiium? What in theje- 
jnnnm? What opiDJon has been entertained respectiDg their epi- 
tbclial cells ? 
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tilis manoer they so- 
connt for the ready 
passage of oil glob- 
olea into them, and 
also for the appear- 
ance of solid foreign 
bodies. 
i Thongh we have 
I described the lao- 
I teal as a vessel pro- 
' jeoting into the in- 
terior of the intes- 
tine, it is hj some 
viewed rather as a 
mere exoavatloD in 
thevilluB. The villi 
impart to the mu- 
cous membrane an 
Fig.sL aspect some- 

times likened to 
.the pile of velvet. 
Od an avenge, 
their number up- 
on a square inch 
is about 10,000. 
The entire num- 
ber of these OT" 
ganisms, conee- 
I quently, moBt 
i amount to many 
millions. Atone 

Conl«l vUll In tBctfon, with cyllndndd epliheligia. .;_,„ :•. — .oa nnn. 

posed that the lacteals open directly into the intestine 
— an opinion now unlveraally abandoned. The action 
of each villus is doubtless more complicated than is gen- 
erally represented, for the organic fibre cells it conbuDB 
give to it the power of executing rhythmic motions. 

When the operation of the lacteal vessels as absorb- 
ents was first detected, it was believed that all nutri- 
ment is introdnced by their means. But there are many 

How many rilli are there on a square inch 7 Do the; open di- 
Tsctlj- into the intestine? Eov is it ^at they can exert rhythmic . 
motions? What error was fbrmerl; entertained respecting them? 
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animals wholly destitute of this system of tubes, for in- 
stance, the invertebrates. Even in many fishes the villi 
are absent. In such cases absorption must necessarily 
be conducted by the veins. Moreover, though there are 
no lacteals on the walls of the stomach, nor, indeed, on 
that part of the intestinal tube which is higher than the 
place of introduction of the biliary and pancreatic ducts, 
there are many substances freely absorbed from the gas- 
trio cavity when its pyloric orifice is tied. It has al- 
ready been mentioned that tiiie stomach absorbs water 
with remarkable rapidity. The doctrine that the lac- 
teals are the exclusive organs of absorption must, there- 
fore, be abandoned, for it is plain that the venous sys- 
tem participates in the duty. 

The function of absorption has therefore to be exam- 
ined from two points of view. As there are two diges- 
tions, one producing a perfect solution, and the other an 
emulsioned, but not dissolved state of the food, so there 
are two absorbent systems, the lacteals and the veins. 
The lacteals introduce such substances as are not abso- 
lutely dissolved, the oils and fats. The veins appear to 
take up those substances only which are completely dis- 
solved in water. 

That the lacteals are donnected with respiratory di- 
gestion seems to be plainly indicated by the circum- 
stances of their occurrence. None of them are found 
Kpon the stomach, nor even on that part of the duode- 
num above the entrance of the hepatic and pancreatic 
ducts, but below that point they are scattered in pro- 
fusion all over the small intestine. The digestion of 
fatty bodies not taking place until the food has gained 
the duodenum, vessels for the absorption of the emul- 
sions to which that digestion gives rise are not required 
until after that point is passed. Correctly speaking, 
however, the lacteals are only lymphatics taking up oil 
presented to them. In view of the use the oils subserve 
m the animal economy, the lacteals are in reality an ap- 
pendix to the respiratory system. There can be no 
doubt that through their channel oils and fats, under 

How many forms of absorption are there ? What do the lacteals 
and the veins respectively absorb ? How may it be shown that the 
lacteals are connected with respiratory digestion ? Under what form 
do they transmit fat to the blood ? 
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the form of emolsioDS, are transmitted to the blood. 
The aDalysis of the chyle shows that it is always rich in 
fat ; and, indeed, it is supposed by some physiologists 
that the objects just described as cells, surrounding the 
origin of the lacteals, are nothing more than oil or fat 
globules accumulated there and waiting to be taken op, 
or that the disappearance and eznviation of the so-called 
cells is an optical deception, due to their walls becomlag 
permeated with oil. 
The manner in which oil globules collect round the 
pig.ai. villus I have remarked as 

being very strikingly dis- 
played in the case of the 
gray squirrel after feeding 
on fatty nuta. As shown 
in Mg. 22, the whole strao- 
tore looks as if it were dia- 
! tended with oil globoles, 
^ I d a, in the midst of which 

(' ' the origin of the lacteal, 

bbb, may be discerned. 
Hiir-diagnin of mil of the gnr •qoiiTti Although it can not be 
■lui (»diDg on Duu. admitted that the prodno- 

tion and deliquescenc* of the cells of villi is a demon- 
strated fact, and that on this the action of tbe lacteals 
as absorbent vessels for the most part depends, the rapid 
evolution and disappearance of these cells is by no means 
a physiological impossibility. Botanists assert that, in 
a single night, the Bovista giganteum, a puff-ball, can 
develop from a mere point to such a size that it must 
contain fifty thousand millious of cells — a number that 
seems almost incredible. The development of cells in 
-the villi of the intestinal tube, in countless crowds, may 
therefore be within the bounds of possibility. 

If this be the case, the cells thus coming rapidly into 
existence in the villi appropriate those articles of res- 
piratory food of imperfect solubility in water. To this 
class the oils belong. Each cell then, as it dies, yields 
np its contents to the lacteal tube. In the white fluid, 
the chyle, Sowing along those tubes, are [nany pale or 
colorless corpuscles contiDually coming into existence. 
These seem to impress a change upon the chyle, and, to 
Wbat ma; those otgecM roqnd Che lacKals be that look like cella ? 
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give a full opportunity for such action, that fluid is com- 
pelled to flow gradually through long and sinuous chan- 
nels, for the glands in the mesentery may he regarded 
as convoluted windings, or rather plexuses of tubes, hav- 
ing that particular form for the sake of closeness of pack- 
age. From the enveloping capsule of fibrous tissue of 
the glands thin sheets are projected, and so internetted 
as to divide the whole gland into many alveoli. These 
are filled with a pulpy material supplied wifh delicate 
blood-vessels. The chyle either oozing through this ma- 
terial eventually escapes from the gland by the eflerent 
vessels, or makes the passage in its own thin tube. In 
reptiles, in which there are no such glands, the lacteals 
are extended to a very great length. 

The manner in which the chyle passes through the 
mesenteric glands is therefore explained differently, ac- 
cording to the view taken of the structure of those or- 
gans. If they are considered as mere dilatations of the 
lacteal vessels, from the sides of which partition process- 
es are sent off*, the interspaces being filled with granular 
material, through which delicate blood-vessels pass, the 
chyle is to be considered as oozing through this .granu- 
lar structure, and crossing directly in contact with it. 
But if we accept the doctrine that the chyle is conduct- 
ed through the gland in a plexus arising from the in- 
coming laeteal, the granular material being outside, then 
the influence of that material, in whatever it may con- 
sist, takes effect through the delicate walls of the plexus. 
The like remarks apply to the lymphatic glands. Phys- 
ically, however, the condition in both cases is the same ; 
the incoming liquid is simultaneously exposed in the 
gland to the influence of the granular pulp and to arte- 
rial blood. 

Chyle, deUvered into the lacteal tube, is propelled by 
the conjoint action of several different forces. The con- 
stant accumulation of liquid at the origin of the vessel 
produces a pressure only relieved by motion through the 
tube, and at the mouth, where the lacteal empties into a 
vein, as sooner or later all do, either directly or through 
the intervention of the thoracic duct, a suction force is 

What is the structure of the mesenteric glands ? What influence 
do they exert on the chyle ? Describe the difierent forces that drive 
the chyle through the lacteals. 
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Fig. 28. 




Principle of VenturL 



exerted on the contents of the lacteal by the paBsing cnr- 
rent of the venous blo%d, upon the well-known hjdranlic 
principle of Yenturi, that if into a tube, a b^ Mg, 23, 

through which a cur- 
rent of water is steadily 
flowing, another tube, 
c dy opens, its more dis- 
tant end being in com- 
munication with a reser- 
voir of water, e, through 
this tube a current will 
likewise be established, 
and the reservoir be 
emptied of its contents* 
The effect is still greater 
when the main current 
is flowinff toward the 
wide end of a conical 
pipe. Moreover, the lac- 
teal tubes are elastic, 
and furnished with valves, opening to let the fluid pass 
toward the veins, but closing in the opposite way. This 
valvular mechanism renders available any pressure aris- 
ing either from the contractility of the vessels them- 
selves, or from those various muscular movements, res- 
piratory or voluntary, which affect the abdominal walls. 
The manner of introduction of the ^reat lacteal trunk 
— ^the thoracic duct — at the angle of junction of the left 
subclavian and jugular veins, is also very felicitous, for 
the suction force of those large vessels is there conjoin- 
ed, and the effect is at a maximum. The control of the 
blood motion on the chyle motion is obvious from this, 
that as i9oon as the circulation stops the chyle stops, and 
this not so much from the engorgement of the venous 
trunks, rendering it difficult for the chyle to make its 
way into them, as from the cessation of that tractile 
force, which solicits the chyle to move into the blood. 

Mg. 24 represents the position and course of the tho- 
racic duct, and its manner of introduction of the chyle 
into the blood circulation. 



What is meant by the principle of Venturi ? How does it come 
into play on this occasion ? What is the thoracic duct? 
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1, Arch of aorta; 2, thorac- , pig.s*. 

ic aorta; 3, abdominal aorta; 
4, arteria innominata, dividing 
into right carotid and right 
Babclavian arteries ; 6, left car- I 
otid; 6, left subclavian; 7, su- 
perior cava, formed by the junc- 
tion of, 8, the two veniB mno- 
minatte, and these by the jano- 
tion, 9, of the internal jugular 
and subclavian on each side; 

10, the greater vena azygos; 

11, the termination of the leas- 
er in the greater vena azygos ; 

12, receptaculum chyli, Hcveral 
lymphatic trunks opening into 
it; 13, the thoracic duct, di- 
viding opposite the middle of 
the dorsal vertebne into two 
branches, which soon rennite; 
the course of the duct behind 
the arch of the aorta and left 
subclavian artery is shown by 
a dotted line; 14, the dnct, 
making its turn at the root of 
the neck, and receiving several 
lymphatic trunks previously to 
terminating in the posterior 
aspect of the junction of the 

internal jugular and subclavian ,^^ thorMdo duct 

vein ; 15, the termination of 

the trunk of the ductus lymphaticns dexter. 

As to the manner in which digested fat finds its way 
into the lacteals, it seems to be as follows : In the inte- 
rior of the epithelial cells oil-drops are detected, while 
ou the outer part the surface presents a pearly aspect, 
from other portions of oil waiting to enter. By degrees, 
all the cells upon the exterior of the villus exhibit the 
same appearance, the particles gradually finding their 
way through the parenchyma of the villus, and ho en- 
tering the lacteal tube. In passing through interstices 

Describe Fig. 24, In what manner do the fats find their waj into 
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too minute to be seen even by optical aid, the oil par- 
ticles may be pressed out into long, thread-like forms, 
which, as soon as they escape into the free cavity of the 
lacteal, assume the spheroidal appearance by reason of 
their own cohesion, just as a blood-cell can pass through 
a vessel of a diameter far less than its own by lengthen- 
ing itself out into a linear shape, and reassuming its orig- 
inal figure as soon as it escapes from confinement and 
pressure. Though, therefore, the lacteals commence 
upon the intestinal walls as closed tubes, this, in reality, 
offers no obstacle to their absorbing power* when their 
molecular porosity is considered. 

Perhaps this infiltration or intrusion of oily material 
is, to a considerable extent, aided by the presence of the 
bile. It is capable of demonstration that oil will rise 
much higher in a capillary glass tube, the inside of which 
has been coated over with bile, than in one which has 
not been po prepared. 

The liquid gathered into the lacteals from the intes- 
tine pursues its course to the veins, and ultimately en- 
ters them. The special changes impressed on it during 
this passage will now be explained. 

The constitution of the chyle varies with the physio- 
logical conditions of the system. After a period of fast- 
ing it is colorless, and presents the general appearance 
of lymph, hereafler to be described, but during diges- 
tion it IS a whitish milky fluid, whence its name. This 
milkiness depends on the suspension of minute fat or oil 
globules in it. Their diameter is commonly stated at 
the 3g^o() of an inch. Of course, the composition of 
the chyle varies in different animals, and even in the 
same animal under different diets. 

How is it that the fat globules can pass through pores of less size 
than themselves ? What effect does the bile exercise ? Into what ves- 
sels does the chyle ultimately pass ? What variations in composition 
does the chyle exhibit ? 



CHANGES IN THB CHYLE. 



15 



Composition of ChyU, 





Horse. 
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Water 


936.00 

16.00 
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36.00 
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Fat 


9 20 


Fibrin 
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10 80 


Albumen 
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1000.00 


1000.00 



"With so many causes of variation, such a table as the 
preceding is only valuable as giving a general idea of 
the nature of the chyle. We learn from it that the pre- 
dominating solid constituents are fat and albumen. The 
percentage amount of the first of these in the sample of 
human chyle is very low, a fact due to the circumstance 
that the subject from which it was obtained — an exe- 
cuted criminal — had eaten but little for some time be- 
fore his death. In like manner, the chyle of horses kept 
without food has been observed to exhibit a diminution 
of its fat to such an extent as to be less than one tenth 
of the normal amount. It is to be remarked that the 
saline ingredients of the chyle closely represent those 
of the blood, both in constitution and amount. 

The composition of the chyle varies at different points 
on its passage to the veins, there being a gradual diminu- 
tion of the albumen and an increase of the fibrin. Aft- 
er the passage through the mesenteric glands it becomes 
capable of coagulation, and will separate into a serum 
and a clot. Examined near the villi, it may be regard- 
ed as an albuminous liquid, containing suspended glob- 
ules of fat of various sizes, down to the degree of mi- 
nuteness just specified. The nature of these globules is 
determined by the action of sulphuric ether, which readi- 
ly dissolves them. After passing through the mesen- 
teric glands, the percentage amount of albumen declines, 
ai^ the fat globules diminish in number. Simultane- 
ously the special cells, chyle corpuscles, make their ap- 
pearance, and the liquid is now capable of coagulating, 
owing to the production of fibrin. These characters 
become more strikingly developed as the chyle advances 

What are its characteristic ingredients? What change does it 
exhibit after passing the mesenteric glands ? 
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in the thoracic duct. The chyle corpuscles are eyent- 
ually developed into red blood-cells. 

It should DC borne in mind, in all discussions respect- 
ing the composition of chyle in different parts of its 
course, that it must receive transuded matters from the 
blood, and that this must more particularly occur on 
its passage through the mesentenc glands. Owing to 
this, it is quite probable that, even though there should 
be an actual consumption of albumen in accomplishing 
the metamorphoses taking place, the apparent percent- 
age amount of that ingredient may increase by transu- 
dation from the blood. It appears to me quite proba- 
ble that the albuminous material in the lacteal, at its 
very origin in the villus, has been derived to quite as 
great an extent by transudation from the plexus of 
blood-vessels as by absorption from the digested food. 

Whatever may be the special manner by which the 
fats pass from the intestine into the lacteals, they have 
scarcely gained those vessels before they undergo a 
change. The quantity of free fat diminishes, and that 
of saponified fat increases ; this is probably accomplish- 
ed by soda obtained from the blood. 

As to the fibrin, it can scarcely be supposed that the 
imperfectly coagulable variety the chyle contains should 
have been derived by transudation through the vessels 
of the strongly contractile kind contained in the blood ; 
and, in view of all the circumstances of the case, it would 
appear that the explanation we shall offer of its direct 
origination from the chyle albumen by oxidation is cor- 
rect. 

The chyle corpuscles are readily distinguished from 
the blood-cells, not only by their white appearance, but 
also by their form. They are spheroidal, and either 
homogeneous or granular. Those of the frog are seen 
in Fig, 25, at a d, sparsely scattered among the ellipti- 
cal blood-cells. The photograph from which the engrav- 
ing is taken exhibits nearly the average proportion df 
these bodies in that animal. 

In embryonic life, the first appearance of chyle cor- 

What do the chyle corpaseles eventaaUy fiecome ? How do mat- 
ters transuding from the blood affect the chyle ? What change oo- 
cnrs to the fats in the lacteals ? Compare the chyle corpuscles and 
blood-cells. • 
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t^-^ ' pnBcles commoDlf 

coincides with a 
change in tlie ar- 
rangement of the 
respiratory mechan- 
ism, as the closing 
of the branchial fis- 
k Bures, indicating a 
I connection between 
I theirprodactionand 
the activity of inter- 
stitial oxidation. 

The bodies knowD 
as Peyer's glands 
are to be regarded 
as belonging to the 
ciiTiB«»piiHii8.»iihi)ii»d-oeiii,m««nifledaM absorbent rather 
than the digestive 
apparatus. In structure they are analogona to the lym- 
phatic glands, consisting of a capsnle containing grann* 
lar material, in which loops of capillary blood-vessels 
are I^d, From these proceed many lacteal vesseia, as 
may be very pl^nly observed during digestion. Their 
functions would therefore seem to be the submitting of 
the chyle to the simultaneous influence of the blood 
broDght by the arterial capillaries, and the pulpy mate- 
rial or granular plasma they contain. They are, in real- 
ity, intestinal mesenterio glands. 

THE LYMPHATICS AHD THEFB GLANDS, 

It is not possible clearly to understand the functions 
of the laoteEiis without a description of the structure and 
fonctions of the lymphatics, for these vessels conspire in 
their action. 

Anatomical, chemical, and physiolo^cal con aider alions 
lead ns to conclude that the formation of the lthfhat- 
10 8YSTEU is closely allied to that of the lacteal. The 
two classes of vessels make their appearance together in 
fishes ; the lymphatics ori^nate in a network of delicate 
tubes, but are disseminated through all the soft tissues 

When do the chjle carpasclee firet appeAr ? What i» the stnic- 
tDre and probAbls use of Fajer'e bodies? How oro Iho lymphatic 
and luteal Bjetams allied ? 
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except the neiroas, and are found especially in the skin. 
The fine initial tabes gradually coalesce, producing those 
that are of a larger diameter, and these pass through 
glands, which might indeed be regarded as mere plex- 
uses, and eventually empty into the veins. 

A few minutes after it has been drawn, the lymph co- 
agulates into a colorless clot, and then exhibits contrac- 
tion. Compared with blood in like circumstances, the 
dot of lymph is small in relation to the serous portion. 
In other respects there is a general resemblance between 
lymph and blood free from its red cells, the fibrin and 
the albumen being apparently the same in the two cases. 
The saline constituents are not only the same, but bear 
the same ratio to one another in the two fluids. Their 
absolute percentage amount differs, because the lymph 
contains a larger proportion of water than the blood. 

Lymph arismg, as we shall find, by transudation from 
the capillaries, must obviously vaiy in different parts, 
those parts taking from the blood the materials they re- 
quire for their nutrition, and yielding to it the products 
that have arisen during their waste. Whatever in this 
manner changes the composition of the blood, must also 
occasion a change in the transuded liquid. Not only 
must the material thus oozing from the capillaries vary 
in different regions, because of variations in the mechan- 
ical constitution of those vessels, but it must also change 
even in the same locality, through temporary accidents, 
such as changes in the velocity with which the blood is 
flowing. An attempt has been made to show that the 
transudation will be richest in albumen as the blood cur- 
rent in the capillaries is slower. 

When the contents of the lymphatic vessels are sub- 
mitted to analysis, and compared with the chyle, a strik- 
ing difference is apparent. The chyle contains, as has 
been already stated, large but variable proportions of 
fat or oil in an extremely subdivided state, from which 
the lymph is free. The leading solid constituent of the 
lymph is albumen, and this indicates the use of the sys- 
tem. 

Describe the properties of lymph. What is the relation of its sa- 
line ingredients to those of the blood ? What is the origin of lyin])h ? 
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The constitution of chyle after a period of fasting is 
the same as that of the lymph. The presence of chyle 
in the lacteals is therefore not a constant but a periodi- 
cal phenomenon. The»analogy of composition between 
lymph and chyle shows clearly that the albumen of the 
latter is rather derived from the blood capillaries than 
from the digested food. 

There can .be no doubt that the office of the lymphat- 
ics is to collect the albuminous matters which have ev- 
ery where transuded from the blood-vessels^ or been set 
free by changes going on in the soft parts. Such mat- 
ters, though they may be regarded as being in one sense 
dead, are yet as applicable for the farther support of the 
mechanism as are the albuminoid bodies introduced as 
food, and said to be taken up by the lacteals. Lymph 
is really nothing but a diluted serum. A mechanism is 
therefore resorted to to turn this collected albumen into 
fibrin, and thus arises a lymphatic gland — a contrivance 
tending greatly to compactness. This structure is the 
counterpart of the mesenteric or lacteal gland. It may 
be described as originating from tbe coalescence of two 
or three lymph vessels, which, casting off their external 
coat as they enter the gland, anastomose with one an- 
other in various ways, so as to form plexuses and con- 
volutions. The capsule of the gland, strengthened by 
the coat it has received from the entering vessels, sends 
forth partition-like processes, dipping down into the 
grayish pulpy material that fills the interstices. On 
their emergence from the gland the vessels recover from 
it their external coat, and, during their passage through 

What is its composition ? What is the relation between fasting 
chyle and lymph? How is it that the presence of chyle in the lac- 
teals is periodic? What is the office of the lymphatic system ? De- 
scribe the structure of the lymphatic glands. 
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it in their naked state, blood-vegsels are distributed upon 
them. The object of the arrangement seems to be to 
submit the liquid contained in the lymph vessel to the 
action of the pulpy material of the gland and arterial 
blood under the most favorable circumstances, the thin- 
ness of the wall and the convolved plexus being well 
adapted to that end. 

The absorbent vessels, whether lacteals or lymphatics, 
have therefore a common duty of changing albuminose 
or albumen into fibrin, and thereby of compensating for 
the constant waste of that substance going on in the 
wear and tear of the muscular system* We can not es- 
timate the hourly consumption ^at less than 62 grains. 
Such a waste must demand an equivalent compensation, 
if the animal mechanism is to be kept up unimpaired, 
and every care is therefore taken to omit no means of 
husbanding the necessary materials. The action of the 
lymphatics illustrates this principle significantly. Pass- 
ing through all the soft solids where exudation of albu- 
men from the blood-vessels can take place, they collect 
the materials that would otherwise go to waste, and add 
thereto many of the products arising from the disinte- 
gration and decay of the soft parts themselves. Receiv- 
ing all these, they transmit them through their windings 
in the glands, and thus submit them to the action of the 
innumerable cells there coming into existence. As in 
the egg of a bird, the albumen slowly disappears, and 
muscular tissues of the young chicken arise, so here the 
serous portion disappears, and fibrin comes in its stead, 
and this is hurried forward to the torrent of the circula- 
tion, and thrown into the blood-vessels, to be by them 
distributed to all parts of the mechanism, wherever the 
muscular tissues are in want of repair. 

But, besides this function of the elaboration of fibrin, 
there can be no question that the lymphatics have other 
incidental uses. Many facts are known, proving that 
those of the skin exert a powerful agency in absorbing 
liquid material. Thus a person who has abstained from 
water will, after he has immersed his body in a bath, not 

From what do the absorbent vessels produce fibrin ? How much 
is its hourly waste ? What analogy does the egg of a bird present to 
these results ? How is it known that substances may be absorbed by 
the lymphatics of the skin ? 
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only find his weight iDcreased, bnt the sensation of thirst 
abated. Instances of the kpd are on record where sail- 
ors, in open boats without fresh water, have assuaged 
the torments of thirst by immersing their bodies in the 
sea. Nay, it is even asserted that m certain conditions 
water may thus be obtained from the atmospheric air, 
and in all such cases every thing points out that the 
lymphatic vessels are the avenues through which the 
liquid is introduced. 

In what manner does the lymph move? In reptiles 
are found what are termed lymphatic hearts ; these are 
merely dilated, portions of a tube exhibiting pulsation. 
In the frog, two pairs may be discovered, one behind 
the hip-joint, and situated so superficially that the mo- 
tions can be plainly seen ; the other is at the anterior 
part of the chest. The pulsating movements of these 
organs^ of course, impel the liquid acted on in the direc- 
tion determined by the valves with which the vessels 
are so profusely supplied — ^that is, to the general circula- 
tion, and the lymph finally enters the blood-vessels. 

But in the higher tribes these organs .of impulsion are 
absent, and the circulation through the vessels is determ- 
ined by the agencies mentioned in the case of the lac- 
teals. 1st. By the constant accumulation of liquid at the 
origin of the tube ; 2d. By every muscular movement, 
either voluntary or involuntary, producing a compres- 
sion of the tube, the valves all opening one way, and 
therefore causing the included liquid to pass in one di- 
rection only ; aid.- By the exhaustive action at the niouth 
of the lymphatic, arising from the passage of the blood. 
It ought, perhaps, to be prominently pointed out, as be- 
longing to the second of these causes, that the pulsation 
of the arterial trunks adjacent to any lymphatic brings 
the power of the heart itself into operation in an indi- 
rect way. 

Though the absorbents receive many different bodies 
and transmit them to the veins, the action does not take 
place in an indiscriminate manner. Certain substances, 
such as the fats and albumen, find a ready entrance, but 
admission to others is wholly denied. Thus it has long 

Describe the causes which give rise to motion in the lymph. What 
are l3rmphatic hearts ? What effect do the arterial tninks exert ? 
What is meant by the selecting power of the absorbents? 

D2 
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been known that if coloring matter be introdnced into 
the intestine, it by no means follows that the chyle will 
be tinged. K an animal be compelled to take htmus 
water, the chyle wUl still be found colorless or white. 
On such facts was founded the old doctrine that these 
organs possess a low species of intelligence, distinguish- 
ing among different substances, permitting some to en- 
ter them, and refusing a passage to others. Many years 
ago I showed that these fanciful cases are capable of a 
simple physical explanation. Thus I found that if blue 
litmus water were tied up in a bladder or a piece of per- 
itoneum, and sunk in a vessel of alcohol, though the wa- 
ter would rapidly infiltrate into the alcohol, the coloring 
matter would be stopped just as it is in the intestine. 
But, in reality, there is no need of such experiments to 
satisfy us of the fictitious nature of this selecting power. 
If we fill a lamp half full of oil and half of water, and 
immerse in it a wick long enough to dip into both, if the 
wick be previously soaked in oil, it will withdraw from 
the lamp oil alone, and continue to do so until the lamp 
ceases to bum ;. but if it be first soaked in water, it will 
wholly refuse to take the oil, and remove the water alone, 
until- all has escaped by evaporation. But did ever any 
one impute to the wick of a lamp a power of intellectual- 
it^r, no matter how obscure, or suppose that there is any 
thing mysterious in such a selecting operation ? A per- 
petual reference of the most common racts to mysterious 
agencies has been the great barrier to the advance of 
medical science. This system was introdnced by the al- 
chemists and quacks of the Middle Ages, and even now 
it will take many books and many yearii before physiol- 
ogy can be rescued from such visionary theories. 

How may the selecting power of the absorbents be illustrated ? 
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CHAPTER VI. 
ABSORPTION BY THE BLOOD-VESSELS. 

Proof of Absorption by the Blood Capillaries. — Oc- 
curs as a Physical Necessity, — Nature of Capillary 
Attraction. — Its Phenomena in the Rise and Depres- 
sion of Liquids. — Conditions for producing a Flow 
in a CapiUary Tube. — Passage of Liquids through 
minute Pores. — Midosmosis and Mcosmosis. — 7%ey 
depend on Capillary Attraction. — Force against 
which these Movements may take place. — JUustra- 
tions of selecting Power. 

That the blood-vessels of the stomach and intestinal 
tube participate in the function of absorption is demon- 
strated by many different facts. Medicaments placed in 
the stomach after its pyloric orifice has been tied will 
produce their specific effect almost as rapidly as under 
natural circumstances ; and, since there are no proper 
lacteals upon that organ, and its lymphatics seem to be 
inadequate, the absorption of these agents can have 
taken place through the blood-vessels only. 

This conclusion is substantiated by an examination 
of the blood of the gastric and mesenteric veins. It va- 
ries with the stage of digestion and the nature of the 
food. At first there is a general lowering of the per- 
centage amount of the solid ingredients, this being evi- 
dently the result of the absorption of water. At a more 
advanced period, the relative proportion of albumen, or 
rather of albuminose, rises, and along with it the extract- 
. ive, gelatine, and sugar increase. As with the chyle in 
the lacteals, bo with the blood in the mesenteric veins, 
coagulation takes place imperfectly, or not at all. The 
mesenteric blood of a fasting animal does not differ from 
the ordinary venous blood. 



How may it be proved that the blood-vessels of the stomach ab-" 
sorb? What changes take place in the blood of the gastric and mes- 
enteric veins daring digestion ? 
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The position of the blood-vessels, both on the mucous 
surface of the stomach, and particularly on the villi of 
the intestine, is favorable to the discharge of this func- 
tion. The term venous absorption, employed to express 
it, is perhaps somewhat incorrect, since there is no rea^ 
son that a venous capillary should have any advantage 
over an arterial one in this respect. 

In fact, if there were not these physiological consid- 
erations, we should have to admit absorption by the 
blood-vessels as a matter of physical necessity; for, un- 
der the circumstances of their situation, they must take 
up soluble matters presented to them. Through the 
pores of their delicate structure substances in the liquid 
state will pass to mingle with the blood. 

Though we have treated of respiratory or lacteal ab- 
sorption as specifically distinct from absorption by the 
blood-vessels, the circumstances here alluded to evident- 
ly point out that the resulting action of the villi of the 
intestines is of a mixed kind ; for, though the epithehal 
cells and the commencing pouch of the lacteal may*exert 
a definite influence, the network of bood-vessels which 
lies immediately beneath the epithelium must be engaged 
in precisely the same manner as the network of blood- 
vessels between the gastric follicles. The permeation of 
the walls of these tubes by substances in a state of solu- 
tion is dependent, as we are now to see, upon a purely 
physical principle, just as applicable in the one case as it 
is in the other. 

In absorption, as in respiration, hereafter to be de- 
scribed, there is a physical principle in operation neces- 
sary to be understood. I shall proceed to explain it on 
this occasion as far as is needful for the present purpose, 
and complete the description in the chapter on the func- 
tion of respiration. The peculiar views here set forth, 
so far as they differ from those ordinarily expressed, I 
believe to be warranted by my own experiments else- 
where published. 

The absorbent action of the blood-vessels depends on 
the force known among physical writers as capillary 
ATTRACTION. Its nature may be illustrated as follows : 

Why is the term venous absorption incorrect ? Why is venons ab- 
"^sorption a physical necessity ? What is the reason that the action 
of the villi is of a mixed kind ? 
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If a piece of glass be laid on the surface of qaicksilver, 

it is BO powerfully attracted theret<i as to require the ex- 
ertion of considerable force to lift it off. ^Natural plii- 
losophers generally regard tliis as a force sui generis, 
and spealc of it under the title of capillary attraction. I 
believe it is Dotbing but an ordinary electrical phenom- 
enon, since, if the ^ass be examined, it will be found to 
be in a positively electrified state, and the quiclcailver 
negative, and under the general law of electricity, known 
as that of Dufay, attraction must be the result. 

If the glass be laid upon the surface of water, there ia 
an attraction as before. On lifting it, pig.i». 

howevfl|i, there is no electrical manifes- 
tation. The reason of this is plain. On 
examining this glass, it will be foand 
that no troe separation of it from the 
water has taken place. A film of wa- 
ter is still attached to it, or, in other 
words, it is wetted. 

If a slender glass tube, b, IP^g. 26, be , 
dipped into a liquid, a a, which can not 
Fv. ST. wet it, as, for ex- 

ample, (Quicksil- 
ver, the liquid is 




-, and does not Depr™^™ of sum- 
rise to its proper '"«->« "a""- 
hydrostatic level, or, perhaps, alto- 
gether refuses to enter the tube. 
! If a slender glass tube, b, Mg. 27, 
' be dipped into a liquid, a a, which 
can wet it, aa, for example, water, 
the liquid at once rises in the tnbe, 
as at c, to a height greater in pro- 
portion as the diameter of the tube 
IS less. This phenomenon has given 

the designation capillary attraction, because it is best 

seen in tubes as fine as a hair (capillus). 
Now if there be a tube of such a diameter that it can 

thas lift water ten inches, and it be broken off so as to * 

Define capillai^ attraction. Why is it to be regarded as an elec- 
trical phenomenon ? Explain the circa mstancea under which liquids 
rise or are dapieued in a cBpillarj' tube. 
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be only six inches long, we might inquire whether the 
water would overflow from its top, or simply remain 
suspended. 

Mathematical considerations as well as direct experi- 
ments prove that, in such a case, there would be no over- 
flow. A capillary tube under these circumstances sim- 
ply lifts the water, but can not produce a continuous 
current. 

But if a removal of the water at the top of the tube 
take place in any maiHier, as, for instance, by evapora- 
tion, or by being dissolved away, then a continuous cur- 
rent is produced. This fact explains the phenomena of 
endosmosis, presently to be described. it 

As illustrative of the production of a continuous flow, 
we may cite the case of a'^ spirit-lamp, the wick of which 
may be regarded as a bundle of capillary tubes. If the 
cover of the lamp be taken off", all the spirit will pass up 
the wick and escape by evaporation ; or, in an oil-lamp, 
the. wick of which becomes readily saturated with the 
liquid, but never exhibits any overflow ; on the lamp be- 
ing kindled, the oil is burned off, and a current is at once 
established. 

I have shown that water will pass through a crevice, 
the width of which is less than one half of the millionth 
of an inch. Pores or crevices of such a dimension are 
invisible even with a microscope. 

The proof of this is very readily obtained experiment- 

^ ally. If we take 

^^^^^^^^^^a a convex lens, a, 

a, of long radius, 

and place it upon 

c ^ .X. X. X a fflass plane, o ft, 

Paasage of water through a crevice. ^, *=' m, , ' ' 

there will be seen 
at the point of contact, c, on looking down upon the ar- 
rangement, a black spot surrounded by a series of vari- 
ously colored concentric circles, the appearance being 
well known among optical writers under the name of 
Newton's colored rings. At the point of apparent con- 
Can capillary tubes produce a continuous flow of liquid ? What 
is the effect of its removal from the top of the tube ? Under what 
circumstances does a continuous flow in a spirit-lamp or oil-lamp 
take place ? Through how small a crevice will water pass ? Ex- 
plain the fact illustrated by Fig, 28. 
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tact, e, the lens and the plane are, as Newton has shown, 
a distance apart of ahout the one half of the millionth 
of an inch, and from this central point, proceeding out- 
wardl}', the distance between the glasses, of coui'se, in- 
creases. If any where at the outer portion a drop of 
water be introduced, it extends itself instantly across all 
the colored rings, reaching even across the central black 
spot. 

The phenomena of endosmoais may be espMned as 
follows: If some alcohol be placed in abladder,the neck 
of which is tightly tied, and the bladder be sunk in a 
vessel of water, a percolation ensnes, so that the bladder 
distends to its utmost capacity, and might even be burst 
Or, which is a better method of showing the result, if, 
instead of tying the mouth of the bladder, a glass tube, 
open at both ends, and a foot or two long, be fastened 
into it without leaki^e, as the water introduces itself 
through the pores of the bladder to mingle with the 
alcohol, the liquid rises in the glass tube, supposed to 
be left in a vertical position, and, when it has reached 
the top of it, overflows. ^^ ^_ 

To express this inward 
passage of the water the 
term endosmosis was in- 
troduced, and since a little 
of the alcohol simultane- 
ously passes outward to 
mix with the water, it is 
said to exhibit exosmosis. 

In Mg. 29 is represent- 
ed the endosmometer of 
DutTOchet. It consists of 
a small bladder, a, tightly 
tied to a tube, d, which is 
open at both ends, and 
bent, as seen in the figure 
at c; the bladder being Endgnnod!, 

completely filled with al- 
cohol, and the tube to some such point as d, the arrange- 
ment is to be placed in a vessel of water, € e; almost 
immediately the level of the liquid will be seen to be ris- 
iwf Xteacribe 
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ing, the bend of the tube is reached, and one drop afler 
another falls from the open end into the glass, b. And 
this continues untU the liquids inside and outside of the 
bladder are uniformly commingled. 

It is to be regretted that the terms endosmosis and 
exosmosis have been accepted b^ physiological writers, 
for in these results there is nothmg more than what we 
should expect from the known principles of capillary at- 
traction. The pores of a bladder, or of any 6ther such 
organic texture, are nothing but short capillary tubes 
into which water readily finds its way, because it can 
wet the substance surrounding the pore. If the bladder 
be distended with air, and sunk under water, although 
the water will fill the pores, it will not exude from them, 
and accumulate in the interior of the viscus, for, as we 
have seen, a capillary tube can not establish a continued 
current or flow. But the case becomes totally different 
when the bladder is filled with alcohol ; for then, as fast 
as the water presents itself on the inner end of the pores, 
it is dissolved away by the alcohol, and the necessary 
condition for a continuous flow is complied with. Mean* 
time, through the pores themselves a little alcohol passes 
in the opposite way by infiltrating through the incoming 
water, provided that the current be not too strongs and 
so endosmosis of the water and exosmosis of the alcohol 
take place, the current of the former greatly preponder- 
ating over that of the latter, and an accumulation of liq- 
uid in the interior of the bladder ensues. 

That in all this there is nothing specially dependent 
on the organic texture employed is obvious from the fact 
that the same results arise when any inorganic porous 
body is used. Vessels of unglazed earthenware, pieces 
of baked slate or stucco, answer the purpose very well, 
as will also a glass vessel with a minute fissure or crack 
in it. 

An incorrect representation of the conditions under 
which endosmosis takes place is often made. It is said 
to depend on the relative specific, gravity of the liquids. 
Thus it is stated that the lighter liquid sdways moves 

What connection has endosmosis with capillary attraction ? Un- 
der what circumstances is there endosmosis into a bladder? How 
is it known that the organic texture is not necessary in endosmosis? 
Is the direction of the motion dependent on specific gravity ? 
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toward the denser, more abandantly than the denser to 
the lighter. The error of this is readily shown by many 
simple illustrations. Thus water endosmoses equally 
well to alcohol, which is lighter than it, and to gum wa- 
ter or salt water, which are heavier. The relation of 
specific gravity has nothing whatever to do with the 
action. 
The force with which a liquid will thus pass through a 

fore to m'ingle with another liquid beyond is very great, 
have observed these motions occurring against a press- 
ure of many atmospheres. And, indeed, in practice we 
have no means of measuring its actual intensity ; for 
when a pressure of a certain degree has accumulated, 
hydraulic leakage takes place backward through the 
pore, and conceals the trfie action. 

From the preceding statements respecting capillary 
attraction and endosmosis, we may therefore conclude 
that, whenever a liquid is in contact with a porous body 
the substance of which it can wet, it will freely pass into 
the pores thereof, and, if the necessary conditions for its 
removal are present, will percolate or transfuse with 
very great mechanical power ; that this will take place 
through.pores that are not only invisible to the eye, but 
imperceptible by the aid of the microscope ; that some 
liquids pass thus with more readiness, some with less, 
the result in these respects depending on the electro- 
chemical relations subsisting between them and the solid 
they are in contact with, and their own force of cohe- 
sion ; that organic membranes present no peculiarities, 
their action arising, not because they are organic, but 
because they are porous ; that the so-called selecting 
•power is purely physical, as are the separations and ap- 
parent decompositions to which it gives rise. When a 
drop of colored water is put upon chalk, the water sinks 
in, but the color is left on the surface. When weak al-« 
cohol is tied up in a bladder, the water will escape 
through the pores, and the spirit become anhydrous at 
last. 

If we take a glass tube, a a, Mg, 30 (page 90), over 
the lower end of which a piece of peritoneum, or other • 
delicate membrane, h ft, is tightly tied, and half fill it 

With what force do these motions of liquids take place ? How 
may the selecting power of membranes he illustrated ? 
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Pip. sn. with litmus water, and then place it in 

a glass of alcohol, c c, the level of the 
liquids inside and outside being adjust- 
ed according to their specific gravity, bo 
that there may be no hydrostatic press- 
' ure either one way or the other through 
the pores of the peritoneum — as soon as 
the arrangement is completed, if the ob- 
server be so placed as to view it by 
transmitted light, he will see the water 
descending from the pores of the peri- 
toneum in strise and streams through 
■ the alcohol in a perfectly colorless state. 
The membrane, therefore, has absorbed 
and transmitted the water, but has re- 
fused to the coloring matter a passage. 
It is to this particular experiment that 
allusion was made when speaking of the 
non-coloration of the chyle after certain 
coloring material had been mixed with 
the food. Such illustrations may there- 
BeiectiDg power of » fore satisfy UB that the selecting power 
manbrane. ^f organic porous textures, like that of 

.inorganic ones, is dependent on simple physical circum- 
stances. 

In view of all the preceding facts, I therefore regard 
absorption by the biood-vessels as taking place of neces- 
sity, because of the porous structure of those tubes; for, 
though the pores may be too small to be discerned even 
by microscopic aid, tney are abundantly large enough to 
permit such a percolation. Whatever material is exist- 
ing in the chyme in a state of solution in water and also 
soluble in the blood, passes through the walls of the 
blood-vessels, and is moved toward the liver, its perco- 
lation being greatly facilitated by the onward motion 
of the blood, m which liquid it is dissolved as fast as it 
presents itself. The double condition here specified must 
be complied with ; the material to be introduced must 
be dissolved in water, and must he soluble in the blood. 
■ If the latter condition be wanting, the vessels seem to 
manifest a selecting power, absorption not taking place, 

Describe the esperimeol of Fig. 80. Give a siUBmBij of the pro- 
cess of absorption. 
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as in the case of litmus, presented above as an illustra- 
tion — a coloring matter which, though soluble in water, 
is not soluble in alcohol, and so can not, under those cir- 
cumstances, pass through a piece *of bladder. 

While thus there is an introduction of digested mate- 
rial from the stomach and intestine into the blood, the 
physical principles guiding us in our explanation teach 
us that there must be a. percolation of the more watery 
portions of the blood in the opposite direction — ^that is, 
into the digestive cavity. There is every reason to be- 
lieve that this percolation is to a far greater amount than 
is generally supposed. Under certain circumstances, it 
is a matter of ordinary observation that the water dis- 
charged from the intestine is more in quantity than that 
which has been taken as drink. 

In the description here offered of the function of ab- 
sorption, the agency of physical forces alone has been 
considered, and these I conceive to be abundantly suffi- 
^cient to enable us to account for all the phenomena. 



CHAPTER Vn. 

m 

OF THE BLOOD. 

The Offices and Relation of Blood in the System, — 27ie 
Plasma and Cells. — General Properties and Compo- 
sition of the Blood, — Quantity in the Body, — Coag- 
ukUion, — Blood-cells,' — TTieir successive Forms, — The 
perfect CeU, — Hbematin : its Properties, — Plasma : 
its Composition^ andydriations of its Ingredients, — 
Albumen^ Fibrin, Fat, Sugar, — Mineral Ingredients, 
— Gases of the Blood, — General Functions of the 
different ingredients of the Blood, — Introduction of 
Oxygen iy the Cells, — Their transient Duration, 

It is necessary for the functional activity of every or- 
ganized being that there shall circulate through all parts 
of it a nutritive liquid. In plants it is the sap; in ani- 
mals, the blood. 

Why mnst there be a percolation of water into the digestive cavi- 
ties ? To what extent may this percolation go ? What condition is 
necessary for the functional activity of plants and animals ? 
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Since tho life of plants manifests itself, for the most 
part, in a purely formative resalt, and involves little or 
no destraction of parts, the circulating current is devo- 
ted almost entirely to nutrition. But in animals, whose 
conditions of existence involve extensive and unceasing 
destruction, the current is burdened with another duty. 
It is also the means of removal of dying or wasted por- 
tions. 

In the first chapter it was shown that about a ton and 
a half of material is required by a man in the course of 
a year, and that in the same period a like amount is re- 
moved from the system. When we reflect that the in- 
troduction and removal of this immense mass is accom- 
plished through the agency of the circulating blood, it 
is obvious that that fluid must be undergoing rapid 
changes. The elements of decay are strained off or ex- 
haled as quickly as they arise. 

Considered in its relation to nutrition, the circulating 
liquid presents many interesting aspects. Each of the 
thousand variously-constituted parts of the body is with-* 
drawing the supplies it needs — ^the muscular, the nerv- 
ous, the cartilaginous, the bony ; and hence there arises 
a general balance in the system, each part making its de- 
mand at a certain rate, and each observing a comple- 
mentary action to all the rest. Many of those phenom- 
ena which, in the infancy of physiology, were regarded 
as instances of sympathy between different parts, are 
clearly dependent on these conditions ; for the develop- 
ment of one part, by abstracting special material from 
the circulating liquid, permits the co-ordinate develop- 
ment of another, or perhaps puts a stop to it. The mi- 
nutest portion of the mechanisnris thus indissolubly con- 
nected with all the rest through the medium of the blood. 

Seen as it circulates in the vessels, the blood consists 
of a colorless liquid containing corpuscles. In man, some 
of these corpuscles are white and others red. To the 
liquid in which they float, the designation of the plasma 
is given ; the colored corpuscles, from their shape, are 

What is the difference of function in the two cases ? How is it 
known that the blood changes with great rapidity ? In what man- 
ner does the circulation establish connections between all parts ? Of 
what two portions is the blood composed ? What is the plasma ? 
What are the disc»? 
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called discs or cells. The specific gravity of the blood 
varies from 1.050 to 1.059, the variation being, to a con* 
siderable extent, due to variations in the quantity of the 
cells. The temperature is about 100^ Fahr., the reaction 
always alkaline ; there is also a faint sickly odor, differ- 
ing in different animals. . The cells give to the blood its 
tint of color, and this, in the systemic arteries, is crim- 
son ; in the veins, deep blue. However, the color of ar- 
terial blood depends considerably on the condition of 
respiration. An imperfect introduction of oxygen, as 
in hot clioiates, causes the arterial blood to assume a 
dark color, and the same is observed when chloroform, 
ether, or diluted irrespirable gases are breathed. The 
blood of the male sex is heavier than that of the female. 

Constitution of the Blood, 

Water 784.00 

Albumen 70.00 

Fibrin 2.20 

Discs 131.00 

Pats. 1.30 

Salts. 6.03 

Extract, urea, biliary matter, etc 5.47 

.1000.00 

As to the quantity of blood in the circulation, it has 
been variously estimated. It may perhaps be taJken at 
one eighth of the weight of the body. 

A short time after it has been drawn, the blood un- 
dergoes coagulation^ and is then said to be composed of 
the serum and the clot. In this state it is sometimes 
spoken of as dead. The plasma of living blood differs 
from the serum of dead in containing fibrin. 

The coagulation of thd blood commences within about 
ten minutes after it has been drawn, and the clot under- 
goes a subsequent contraction during one or two days. 
To understand the physical nature of this singular 
change, we may conveniently regard the living blood as 
containing three leading constituents — an albuminous 
liquid, fibrin dissolved therein, and the cells. ^ The coag- 
ulation arises from the tendency of the fibrin particles 
to agglutinate together. As this takes place, the cells 

What are the physical properties and components of the blood ? 
What is meant by the coagulation of the blood ? How long does the 
clot contract ? From what does coagulation arise ? 
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are caught in the meshes ofthe network that arises, and 
a voluminous red clot is the result. So the serum of 
dead blood contains no fibrin, and differs from the plas- 
ma of living blood in that important particular. 
. It has been observed that exposure to cold retards co- 
agulation, as does likewise the absence of air, or cover- 
ing the blood over with a film of oil. The condition of 
rest promotes it, as also does the presence of rough or 
angular bodies. Blood will yield up its fibrin readily 
when stirred with a stick. When, for any reason, the 
cells sink more rapidly than usual from the surface of 
the blood, the fibrin of the supernatant portion coagu- 
lates alone, giving rise to a stratum free from the red 
color, and designated the huffy coat, and on the subse- 
quent contraction, since there are no cells to hinder the 
fibrin, its parts upon this stratum are drawn more close- 
ly together, and the clot becomes cupped. 

By those who accept figurative expressions as an ex- 
planation of physiological facts, the coagulation of the 
blood is said to be due to its death ; some, however, 
have regarded it as an abortive attempt at organization, 
and therefore a manifestation of life. Such contradic- 
tory explanations lose much of their interest when we 
examine the facts of the case critically. I believe that 
nothing rnore takes place in blood which has been drawn 
into a cup than would have taken place had it remained 
in the body. In either case the fibrin would have equal- 
ly coagulated. The entrapping ofthe cells is a mere ac- 
cident. The hourly demand for fibrin amounts to 62 
grains ; hence the entire mass ofthe bl<»d would be ex- 
hausted of all the fibrin it contains in about four hours, 
and solidification of fibrin must be taking place at just 
as rapid a rate in the system as after it has been with- 
drawn. No clot forms in the blood-vessels, because the 
fibrin is picked out by the muscular tissues for their 
nourishment as fast as it is presented, nor would any 
clot form in a cup if we could by any means remove the 
fibrin granules as fast as they are solidified. 
^ In entering on a detailed examination of the. constitu- 
tion and functions of the blood, our attention will have 
to be directed, in the first place, to the cells. It is suf- 

What circumstances accelerate or retard coagulation ? How dges 
the bu% coat form ? What is the explanation of coafpilation ? 



SUCCBSSIVB FOBMS OF BLOOD-CELLS; 95 

ficient to arrest our thoughts at once when we learn that 
for every beat of the pulse nearly twenty millions of 
these organisms die! Physiology has its wonders as 
well as astronomy. 

In the life of man there are three periods distinguished 
from each other by the nature or structure of the blood- 
cells. Those of the first period originate simultaneous- 
ly with, or even previously to, the heart. These are 
sometimes designated as embryo cells, and in that view 
bear the same relation to those of the second period as 
do the lymph corpuscles to those of the third. They 
are colorless and spherical cells, containing granules of 
fatty material, and having a central nucleus. These are 
developed, by a process of internal deliquescence, into 
cells of the second period, which have acquired' a red 
color, and in oviparous vertebrates an elliptical form, 
though in man they are circular. They are flat or disc- 
like in shape, have a diameter of about t^oit ^^ ^^ inch, 
with a central nucleus of half that size. Sometimes 
they appear to undergo multiplication by division of the 
nucleus. 

These cells of the second period are replaced by those 
of the third, the transition being clearly connected with 
the production of lymph and chyle^ corpuscles. By the 
end of the second month of fcertal existence the replace- 
ment is complete, and the class of cells or discs that has 
now arisen is continued during life. The mode of their 
production is this. The chyle or lymph corpuscle loses 
its granular aspect, and acquires a pale red color, which 
gradually deepens ; the corpuscle becomes smooth, loses 
its spherical form, and, condensing, takes on a convex 
lenticular shape, and eventually a bi-concave. While 
this change of structure is going on, the specific gravity 
increases through the condensation, and the develop- 
ment closes by the spherical white granular lymph cor- 
puscle becoming a red, bi-concave, non-nucleated, circu- 
lar, small, and heavy blood disc. 

The cell of the first period is therefore spherical, white, 
and nucleated ; that of the second, red, disc-shaped, and 
nucleated ; that of the third, red, disc-shaped; bi-concave, 
and non-nucleated. 

Pow long do the discs live ? How many different kinds of them 
are there ? Under what circumstances does each kind arise ? 
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The primordial cell advances in development to dif- 
ferent points in different orders of living beings. The 
blood of invertebrated animals contains coarse granule 
cells, which pass forward to the condition of the fine 
granule cells, and reach the utmost perfection they are 
there to attain in the colorless nucleated cell of the first 
period of man. In oviparous vertebrated animals the 
development is carried a step farther, the* red nucleated 
cell arising, and in them it stops at this, the second pe- 
riod. In mammals the third stage is reached in the red, 
non-nucleated disc, which is therefore the most perfect 
form. 

This perfect form of blood-cell, as it occurs in man, 
may be described as presenting a flattened shape ; the 
bright spot, sometimes seen in the centre, arising from 
a refraction of light due to the form of the disc and not 
to a nucleus. "[Die sac of each disc is elastic, so that it 
can be swollen by water until it becomes convex or even 
globular, or by immersion in thick sirup may be made 
to shrink, effects arising from the endosmotic infiltration 
or exudation through its wall. When passing through 
the fine capillaries in the course of the circulation, the 
cell, by reason of this elasticity, can make its way through 
very difiicult passages, extending itself into a cylindroid 
form, but it recovers its original shape as soon as relieved 
from pressure. The average diameter of the cell is esti- 
Fig. 81. mated at TTtnr o^bxl inch, the 

extremes being -g-^^j^ and 
40^0 . The thickness of the 
cell is about igloo of an 
inch. The cell owes its col- 
or to hsematin, which exists 
in its interior in a state of so- 
lution, and associated with 
globulin. 

The facts mentioned in the 
preceding paragraph are il- 
lustrated by the annexed en- 
Human blood-celU magnified 500 dlam- graved photOgraphs. Fig 

etere. 31 represents human blood- 

Describe the perfect blood disc or cell. Under what circumstances 
may the elasticity of its sac be shown ? How can blood discs pats 
throngh pores smaller than themselves ? 




Fig.tS. 
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cells. Thdr form is 
circular : they have 
a central depres- 
sion, hat no na- 
clenB. 

Mff. 32 repre- 
sents the elliptic j 
nucleated hlood- j 
ceils of the frog, I 
with here and there, ) 
at a a, chyle cor-' 
pnscles. I^iff. 33 
represents the en-, 
dosmotto action of 
water on these cells. 
^ig. 34 (page 98), 

the action of acetic E111pUiiliIi»d.««llioffrogiiugidfled£C0dluna- 

acid in darkening 

or concentrating the nnclens. In Fiff, 35 (page 98) we 
have an illustration 
of the size and ap- 
pearance of the 
blood-cell in a rep- 
tile, the photograph 
from which this fig- 
ure was taken hav- 
ing been made i 
der the same mag- 
nifying power as 
that employed in 
obtaining the pho- 
tograph of human 
blood. 

The cell wall ofthe 
blood-cells is gener- 
ally admitted to be 
fibrin, or some sub- 
stance allied thereto; but there has been much differ- 
ence of opinion respecting the constitution of the nu- 
cleus of those cells which posBess it. By some, this also 
bas been regarded as fibrin; by others, as fat; and by 

What is the action of water and acetic add on them ? What is 

the nature of the cell wall of discs? 
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Others as a species 
of horn, to which 
the designation of 
nucteine has been 

The cell wall of 
the white corpos- 
i cles does not ap- 
^ ,^ _, pear to be claatic. 

I ^ — / It is visdd, and 

\ * " ■ A /■ hence these bodies 

tend to agglutinate 
to one another : in 
aspect it is grann- 
iar. The contents 
appear to be an al- 
bnminonB solution, 
in which fine gran* 
nles are suspended. 
Though we have 
described the mes- 
enterio glands as 
the original place 
of formation of the 
blood-cells, it is to 
I be understood that 
I these become per- 
fected in the circu- 
lation of the blood ; 
and from what will 
be siud respecting 
the fanction of the 
liver, it may be in- 
ferred that that 
gland is the seat 
of a most important change : there probably they re- 
ceive their iron. That no special organ is exclusively 
charged with the duty of forming them appears from 
this, that the first form of blood-ceUs arises m the germ- 
inal area of the embryo when there is, as yet, no gland. 
Leaving the water out of consideration, the predomi- 
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e former la a substance approaching, in proper- 
ties, to casein, or perhaps intermediate between casein 
and albumen. ^ 

Hsematin is dis- 
tinguiebed by its 
red color. When 
isolated, it exhib- 
its the changes of 
tint characteristic 
of arterialization . 
in a doubtful man- 1 
nev. There are, I 
however, some \ 
facts which lead 
to the sappcmition 
that the color of 
arterial and ven- 
ous blood does not 
depend so mach 

on a chemical - Bnmui Mood-crratiii. 

change in the hse- 

matin as on an al- "■ 

teration of the fig- 
ure of the discs. 
Htenuitin cont^ns 
about 7 per cent, 
of iron. 

The crystalline 
substance of blood i 

occurs under three 
different forms, in 
prisms, tetrdie- 
dra, and hezf^on- 
al tablets. In the 
prismatic form it 
is derived from 
human blood, that 
of fishes, and of 
some mammals ; 
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To what snbslanoe is globulin related? What are the propertie* 
of bcmatin ? Under nfaat fonn* may the crfBtalline substMce of 
blood be obtained ? 
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^- *^ in the tetrahedral 

form it is obtain- 
ed from Game&- 
pigB (Figure 37), 
rats, and mice ; m 
the hexagonal 
form from sqnir- 

L rela. Blood-crya. 
tals are of a red 

I color, vithoQt . 
Bmell or taste, los- 
ing their water of 
crystallization un- 
der exposure to 
the air, the differ- 
ent forms present- 

oi solubility. 

The crystals may be obtained for examination by cov- 
ermg a minute drop of blood with a glass slide, and, aft- 
er ^dinp water, alcohol, or ether, to permit a gradual 
evaporation to ensue. 

The color of the blood, as dependent npon the tint of 
its cells, is asserted to be connected to a considerable 
degree with the form of those organisms as they vary 
from a concave to a convex surface, and not with the 
state of the bcematin. When they are more concave 
they are of a crimson, when of a more convex, of a dark- 

Among the cauaea whioh can impress a change on the 
figure of the blood-cells ought particularly to oe speci- 
fied exposure to oxygen and carbonic acid respectively, 
the latter causing them to become more opaque in their 
centre, broader upon their edge, the cell distending ; an 
opposite effect ensuing nnder exposure to the former. 

Constituted thus of an elastic aao filled with gliibulin 
and hsematin, the cells float in the plasma. l%ey are 
nourished at its expense, and when tliey die, deliver up 
their contents by deliquescence to it. Accompanying 

Uadet wluit forms maj the crystalline sabstance of blood be ob- 
tained? How ia it that the color of -the blood may depend od the 
rorm of the discs 7 What ensuea under expoaure to oxjgen and car- 
bonic acid respectively? 
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them are the white corpuscles, from which new genera- 
tions are to arise. It is usually stated that for every 50 
red discs there is one white corpuscle. They may be 
readily discovered during the circulation by the micro- 
scope, many of them occupying the exterior of the cu^ 
renr^ as though they had' a special relation to the soft 
tissues. 

We have next to speak of the plasma. It may be de- 
scribed as a clear and slightly yellowish colored fluid, 
consisting, as all animal juices do, for the most part of 
water, holding in suspension or solution albumen, fibrin, 
fats, and various mineral bodies. 

Of the water it may be remarked, that the usual per- 
centage estimate made of its quantity, as regards the 
entire blood, is from 700 to 790 parts m 1000. Within 
these limits it is liable to rapid variations, as dependent 
on the 'condition of thirst or the recent indulgence in 
drinks. It does not increase in proportion to the amount 
which has been imbibed, for the Malpighian bodies of 
the kidney, as will hereafter appear, strain it off with 
great rapidity. When the blood-vessels are distended 
to a certain degree, they refuse an entrance to it. The 
necessity of these provisions arises from the fact that 
there is a certain state of viscidity the blood 'must pos- 
sess for its proper circulation. 

The albumen varies in quantity from 60 to 70 in 1000. 
It is probably associated or combined with soda. It ex- 
ists in the blood of the splenic and hepatic veins as the 
neutral albuminate of soda. It is the plastic material 
from which all the soft tissues are nourished, and by it 
the cells themselves grow. Fibrin arises from it in the 
blood in the same manner as it does during the incuba- 
tion of an egg ; every care is taken to economize it in 
the system, and it is never excreted except in' disease. 

The quantity of albumen is greater in venous than in 
arterial blood, the proportion increasing during diges- 
tion. It also presents variations in different states of 
disease. Its condition varies in various parts of the cir- 

What is the relative number of the red cells and white corpuscles ? 
Where do the latter chiefly occur in the blood current ? What is 
the composition of the plasma ? To what extent may water vary in 
the blood ? How is its quantity diminished ? What is the relative 
quantity of albumen ? To what extent does it vaiy ? 



102 FIBBIN, AND FATS OF THB BLOOD. 

culation, a circumstance, to a considerable extent, due 
to the nature of the salts, or to the quantities of alkali 
with which it is associated. 

The fibrin is usually estimated at 2 or 3 parts in 1000 
of blood. It may faU as low as 1, or rise as high as 7^. 
There is a constant drain upon it for the nutrition oTthe 
muscular tissues ; and since it originates in the action 
of oxygen upon albumen, we should expect, as is really 
the case, that arterial blood would be richer in it than 
venous. The portal blood contains it in minimum quan- 
tity. Its percentage rises if oxygen be inhaled, or the 
respiratory process be Quickened ; for similar reasons, 
it uniformly increases in acute inflammations. 

It has been asserted, as was mentioned before, that 
there is so wide a difference between the fibrin of blood 
and muscular fibre, that we can no longer regard the 
latter as arising from the former, but must consider it 
merely as coagulated albumen ; and that, since the ac- 
tion of acetic acid upon it shows its relation to gelatine, 
it is probably more nearly related to the fibro-gelatinous 
than to the cellulo-albuminous tissues. But, although 
the fact that fibrin contains more oxygen than albumen 
seems to lend weight to such views, since oxidation ap- 
pertains to the retrograde rather than to the ascending 
metamorphosis, there are so many arguments in favor 
of the old doctrine, that I think it may be regarded as 
thiis far unshaken. Moreover, it is now established be- 
yond any doubt that by nitrate of potash, and other 
salts, fibrin may be transmuted into a substance analo- 
gous to albumen. 

The fats vary very much in quantity at different times. 
The amount is usually stated at from 1.4 to 3.3 in 1000 
of blood. After a meal the plasma may be actually 
milky, through the fat globules brought in by the chyle. 
We have already shown that starch will give origin to 
fat, and oily substances can be obtained from lactic acid 
itself. The nitrogenized bodies, during their destruc- 
tion, likewise yield them, and it is a normal function of 

the liver to effect the production of fat.' 

» ■ 11. 

What is the quantity of fihrin ? What is its proportion in differ- 
ent kinds of blood ? What reasons are there for supposing that fibrin 
is a.histogenetic body? To what extent do the fats of the blood 
vary? 
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Among the special constituents of certain portions of 
the venous blood su^ar ought not to be overlooked. It 
exists as a constant uigredient of the blood contained in 
that part of the circulation intervening between the liv- 
er and the lungs. As livernsugar it may have originated 
in the transmutation of cane-sugar, or from the metamor- 
phosis of the muscular tissues. 

The mineral constituents of the blood discharge very 
different duties, some, either directly or indirectly, act- 
ing functionally, others as histogenetic bodies. Thus 
the alkaline properties of the blood are due to the pres- 
ence of the carbonate and phosphate of soda, and this 
latter substance enables the serum to hold in solution 
carbonic acid, and thus it maintains a relation in the 
respiratory operation. But the phosphate of lime di9> 
charges a true histogenetic function, since upon it the 
bony system depends for its nutrition. The mutual re- 
lations of these substances are, of course, very complex, 
though often of importance. Thus, of the two just men- 
tioned, the phosphate of soda enables the serum to hold 
the phosphate of lime in solution. 

The ^ases which can be disengaged from .the blood 
are carbonic acid, oxygen, and nitrogen. This liquid 
can absorb once and a half its volume of carbonic acid, 
and in arterial blood the proportion of that acid to oxy- 
gen is as 16 to 6, in venous as 16 to 4. That the oxygen 
is very loosely retained is shown by the circumstance 
that it may for the most part be removed by exposure 
in a vacuum. The other gases may be withdrawn by a 
stream of hydrogen. 

At a temperature of 98^, water absorbs scarcely one 
per cent, of its volume of oxygen^gas, but the blood can 
take up from 10 to 13- timed as much. This is accom- 
plished by the coloring material. 

The preceding examination of the special constituents 
of the blood leads us next to consider the general func- 
tions of this liquid in the aggregate. 

In this general sense, the blood discharges the follow- 
ing offices. Its albumen has the duty of giving, origin 

In what part of the circulation does liver-sugar occur ? What are 
the chief mineral constituents of the blood ? What are their func- 
tions ? What gases may be disengaged from the blood ? What is 
the relative absorption of oxygen by water and by blood ? 
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to all tlie plastic tissues of the system. From it, for ex- 
ample, by cell action, as explained in treating of lacteal 
absorption, fibrin arises— fibrin, which is used for the 
renovation and repair of the muscular tissues. The 
discs have a relation with the function of respiration ; 
they obtain oxygen in the pulmonary circulation, and 
carry it through the system. They contribute, more- 
over, to the development of muscular fibre, and also 
nervous material, and this not alone as regards the col- 
oring matter of those tissues.' The fats are necessary in 
the production of fibrin and for the nuclei of cells; but, 
besides these histogenetic relations, they eventually, 
with the exception of liver-fat, undergo oxidation, and 
so minister to the support of a high temperature. Of 
the saline substances, common ssdt promotes digestion 
by aiding in the preparation of gastric and pancreatic 
juices ; uie phospnate of soda enables the plasma to hold 
carbonic acid in solution, and carry it to the lungs. 

It is interesting to observe the limits of variation the 
blood may present in disturbed or diseased conditions. 
In inflammations, the fibrin may increase fourfold ; in 
typhoid fevers it may diminish to less than one half, and 
from these variations special results may arise. Thus 
diminution of its fibrin disposes the blood to preternat- 
ural oozing or facility of escape. So also the discs have 
been known, in cases of chlorosis, to sink to one fifth of 
the healthy amount. The albumen, too, exhibits like va- 
riations. In Bright's disease it greatly diminishes, much 
of it escaping in the urine by the straining action of the 
kidneys. 

The discs are necessary to the production of a high 
temperature by constantly transferring oxygen from the 
cells of the lungs to every part of the body ; carriers of 
oxygen they have been truly called. That this is one 
of their duties has been proved experimentally, for a solu- 
tion of albumen or the serum has but little power of ab- 
sorbing oxygen, scarcely exceeding water itself in that 
respect, but the discs condense it at once. The change 
of color they exhibit as they alternately gain or lose that 
element is in itself a proof of this fact, as is also the ac- 

What are the general functions of the blood ? To what extent 
may its composition vary in states of disease ? How are the discs 
connected with the production of heat ? 
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tion of seruiff or blood-discs respectively on a measured 
volume of air contained in a jar. If the discs be in the 
venous or purple condition, they quickly absorb oxygen 
from the confined air, whiclf therefore at once dimin- 
ishes in amount, but the serum, or a solution of albumen, 
produces no such effect. The plasma serves, therefore, 
for the general nutrition of the system, and the discs, 
by transferring oxygen from point to point, discharge 
that part of their duty connected with the production 
of heat. 

But the discs, though of a flattened form, are truly 
cells, and all that obtains in the case of cell life and cell 
action obtains for them. They have not a duration at 
all comparable to the duration of the system, but are con- 
stantly coming into existence and disappearing. Each 
is an individual having its own 'particular history, its 
time of birth, its time of maturity, its time of death. 
Each passes through a series of incidents proper to it- 
self. Originating as has been described, they grow at 
the expense of the plasma, and in this regard it serves 
for their nutrition as weU as for- that of the body gener- 
ally. 

On exposing blood-cells to oxygen and carbonic acid 
gases alternately, there is not only a change in their 
shape, which becomes corrugated and star-like, but also 
in their chemical constitution, so that, eventuall^^hey 
are entirely destroyed. Such alternations occurring in 
the system doubtless lead to the same result, though 
more slowly, since the oxygen is presented in a diluted 
condition. 

The corrugated and star-like blood-cells abound in 
the blood of the portal, thoujgh notxin that of the hepat- 
ic vein. If their appearance arises from their tendency 
to disintegration, this is no more than might be expect- 
ed in view of the functions of the liver. That the stel- 
lated aspect is an indication of a commencing disorgan- 
ization, or other profound change, may be illustrated by 
an examination of the action of water on normal blood- 
cells, wMch, if they be exposed to that liquid, undergo 

What is the duty of the plasma and the discs respectively? In 
what particulars may' the discs be considered as individuals? Un- 
der what circumstances may they become corrugated ? What is the 
action of water upon them ? 

E2 




106 ASSOCIA.TION OF HJSMATIK AND OXYGBN. 

a distention; their thickness increasing more rapidly 
than their diameter, they lose their concavity, become 
convex, and at last a ppe ar as spheres of a less size than 
the original discs. \\he* the quantity of water they 
have received has distended them to their utmost capac- 
Pig^ 39. ity, they are invisible ; but 

when it is withdrawn from 
them by establishing exos- 
mosis through the addition 
of saline substances, they 
may reappear in the corru- 
gated or star shape, as seen 
in the photograph, Mg. 39. 
With respect to the ac- 
tion of the hasmatin, it may 
be observed that other ni- 
trogenized coloring materi- 
als present a similar relation 
Stellated biood-ceiiB magnified (xx) di- to oxygen. As an example, 
*™®*®"* indigo may be mentioned. 

I consider that the properties of this substance illustrate 
in a significant manner the properties of hsematin in the 
system. Indigd occurs in the leaves of the plant which 
yields it, in a yellow and soluble state. It is easily ex- 
tracted from them by maceration in water. Exposed 
to t]|» air, it absorbs oxygen, becomes insoluble, and si- 
multaneously gains a deep blue tint. So lightly is the 
oxygen thus united to it, that by exposure to very fee- 
ble agents it surrenders it up, and repasses into the yel- 
low and soluble condition. Once more exposed to the 
air, it turns blue, and once more may have that color re- 
moved from it by taking its oxygen away. For many 
times in succession its tint may be thus changed, and 
made yellow or blue at pleasure. 

From this we perceive in what a loose manner oxy- 
gen is held by such a coloring material ; how readily it 
surrenders it, and how readily it recovers it. Such a 
union can scarcely be called an oxidation or a combina- 
tion ; it is rather an association. 

All this is precisely what occurs in the case 0f hasma- 
tin. It takes up oxygen with rapidity as it goes over 

What are the changes in color which indigo may exhibit ? What 
analogy is there between that substance and h»matin ? 
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the cells of the lungs, and turns scarlet ; it surrenders 
that oxygen with equal facility as it passes the systemic 
capillaries, and turns blue. This change of color is in- 
cessantly taking place ; it is now red and now blue, as 
the discs are passing in the greater and the less circula- 
tion. 

Formerly it was supposed that, in the act of respira- 
tion, oxygen from the air united with carbon of the 
blood of the cells, and carbonic acid formed, a combina- 
tion or perfect oxidation taking place in the lung. But, 
if this were true, the temperature, of those organs should 
be higher than that of the rest of the body, and this is by 
all admitted not to be the case. 

The discs are therefore carriers of oxygen. They re- 
ceive that vivifying principle as they move over the res- 
piratory cells, and, freighted with it, pass to all parts 
of the body, not united with it, nor disorganized, nor 
burnt up by it, but holding it loosely, and ready to give 
it up and go back again for a fresh supply. 

The sac containing the hsematin offers no kind of re- 
sistance to these exchanges. -It will be fully demon- 
strated in the chapter on respiration that this is the case. 
Thick pieces of Indiarrubber, stout animal membranes, 
or even masses of stucco, present no obstacle to the pas- 
sage of gases. The delicate waII of these cells, a tissue 
of almost inconceivable tenuity, can offer no resistance. 
The gas passes in and out without impediment or re- 
straint. 

. But though in this manner these little organuuns per- 
form their duty, it is only for a time. They may take 
oxygen from the air-cells and give it up in the system, 
and do this perhaps many thousand times, but it comes 
to an end at last. The incessant motion stops, and the 
worn and exhausted disc is brought to its term. By 
degrees, as old age steals over it, it becomes corrugated 
and relaxed, is unable to withstand chemical reagents, 
as its younger comrades can do. Through the micro- 
scope It seems puckered and attenuated. The red color 
of Its interior deteriorates into a tawny tint. As with 

How is. it known that haematin is not oxidized in the Inngs ? Why 
are the cells designated carriers of oxygen ? Does the sac oifer any 
resistance to the reception of oxygen ? What eyentnally hecomes of 
them? 
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•SL leaf in the aatumn, the natural color of which disap 
pears, and yellowness or other change precedes its fall, 
so with the dying disc. Unable any longer to discharge 
its duties, its existence is brought to a close, the decayed 
hsBmatin is shed out, and gives a transient tawny tint to 
the plasma, but is presently strained off as one of the 
constituents of bile by the liven * Nor is this illustra- 
tion wholly metaphorical, for, in the case of herbivorous 
animals, Berzelius has shown that the coloring matter 
of their bile is identical with chlorophyll, the coloring 
matter of leaves. 



CHAPTER VIII. 

OP THE CIRCULATION OF THE BLOOD. 

The JSeart as a Machine. — Inadequacy of Haroey*8 
doctrine of the CircuUxJtion, — Physic<d'±Hnciple of 
the Circulation ; applied in the case of a Nucleated 
CeU^ Pervious Tissue^ Motion of Sap and of Blood. 
— Dependence of the Circulation on Respiration, — 
Forms of Circuiation : Systemic^ Pulmonary ^ Portal. 
— Description of the Heart ; its Movements. — Their 
JFbrce^ Number^ and Value. — Sounds of the Heart. — 
Cause of its Contractions. — Description of the Arte- 
ries^ Capillaries^ Veins. — Explanation of the Circula- 
tion of the Blood. — Fads supporting it. — Th^ First 
Breath. 

iNTo function of the animal mechanism illustrates more 
strikingly the doctrine that we must rely on physical 
agents for physiological explanations than that we have 
now to consider, the circulation of the blood. 

We surrender some of the most beautiful recollec- 
tions of classical mythology, and some of the most cher- 
ished popular illusions of our own times. The heart, 
which in the higher classes of life is the central organ 
of impulse of the circulation, is to be degraded into a 
mere engine. We have to speak of its valves, its cords, 
its pipes. We have to consider its exhausting and its 
forcing action — to deal with it just as we should deal 
with any hydraulic apparatus. In the old times this or- 
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gan was looked upon as the seat of the thoughts and the 
passions ; it was the centre of all good and evil, purity 
and nncleanness, devotion and love. In the modern sys- 
tem the brain has succeeded to the functions once im- 
puted to it. 

The heart, then, is no longer an altar on which flames 
are burning, no longer the seat of the passions and the 
source of love. It is a machine, but what kind of a ma- 
chine ? How great is the admiration we may express 
at its exquisite construction I This little organ can ex- 
ecute three thousand millions of beats without a stop I 
In the com*8e of a life, such as we sometimes meet with, 
it has propelled half a million tons of blood, and, though 
momentarily wasting, has repaired its own waste all the 
time. The mathematical rhythm of its four moving cavi- 
ties, the perfect closure of its mitral and semilunar valves, 
and the regurgitating play of its tricuspid, have never 
failed it. To the eye of the intellect there is nothing 
lost in transferring it from the regions of metaphor and 
speculation to the domain of physical science. 

The doctrine of the circulation of the blood was first 
propounded by Harvey about two hundred years ago. 
It originated in the discovering of the valves of the veins 
by Fabricius ab Aquapendente. After many years of 
discussion, it was reluctantly received by the medical 
profession. 

In this doctrine the circulation is referred to causes 
that are purely mechanical, in the strictest acceptation 
of that term. The contraction of the walls of the heart 
propels the blood through the arterial tubes, and even 
through the veins, the direction of its movement being 
insured by a proper arrangement of valves. 

But when comparative anatomy and physiological 
botany were more extensively cultivated, it was seen 
that this doctrine is insufficient, for the unity of nature 
forbids us to believe that nutritious juices are circulated 
in different tribes of life by different forces. And though 
it may be that the contractions of that central impelling 
mechanism regulate the circulation in those organisms 

What conception have we to entertain of the uses of the heart ? 
By whom was the course of the circulation determined ? Who dis- 
covered the valves in the veins? What is the function of the heart 
in Harvey's doctrine ? 
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which have a heart, what is to be made of those count- 
less numbers having none ? In this group we find the 
whole vegetable creation, and a majority of the animal. 

There is a physical principle that has long appeared 
to me sufficient. Its use in an explanation of the motion 
of nutritive juices in organized systems of every class I 
have taught in the University for many years. It pos- 
sesses the advantage of generality, since it is applicable 
in every case, from the circulation taking place in a 
closed cell up to that of man. 

In Chapter VI. is a general statement of the phenom- 
ena and laws of capillary attraction ; the principle now 
to be employed is closely connected therewith. It may 
be stated as follows : 

If two liquids communicate with one another in a ca- 
pillary tube, for the substance of which they have affini- 
ties of different intensities, movement will ensue : the 
liquid having the highest affinity will occupy the tube, 
and may even drive the other before it. The same ef- 
fect will ensue in a porous structure. 

Pig. 40. Thus, let b ft. Fig. 40, be a 

xg^gg^j^Bgst^^^^^^^ capillary tube of any kind, 
^^^^^^^^^^^^^^^^ occupied conjointly by two 

Motion in a capillary tube. jj^^j^ ^ ^^^ ^^ meeting 

each other in the middle, c ; a having a high and v but 
little affinity for the substance of which the tube con- 
sists, a will occupy the tube, pressing out v before it. 
Of course it is to be understood that the liquids a and 
V respectively communicate with reservoirs that can fur- 
nish them a necessary supply. 

The various phenomena described under the designa- 
tion of endosmosis are experimental illustrations of the 
same kind. Thus, when water is put on one side of a 

Eiece of bladder and alcohol on the other, the water, 
aving the highest affinity for the substance of which 
the bladder consists, occupies the pores thereof, and ex- 
pels the alcohol. Nor would any of the latter substance 
find its way in the opposite direction, back into the- wa- 
ter, w;ere it not so soluble or diffusible in that liquid. 
Exosmosis therefore takes place through the water, and 
constitutes a subordinate or feeble current. 

On what physical principle does the capillary circalation depend ? 
How does that principle explain endosmosis ? 
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Now it ia precisely relations of this kind that are ob- * 
served in the case of the circnlating and nutritive Jaicea 
of all organic beings. 

The simplest instance is prraented by the fluid con- 
tents of certain nucleated cells, both among animals and 
plants, in which a current moves toward, and then from 
the naclens, coming back in a returning path. The fluid 
which the cell contains yields to the nucleus, in which 
eeems to be concentrated all the activity of the organ- 
ism, the nutritive material it requires, and, this done, 
passes on to make way for other portions. The act of 
nutrition, therefore, ia followed by motion, and this upon 
the above simple principle ; for the liquid, before it ap- 
proaches to the nucleus, is charged with material which, 
the nucleus can attract ; but immediately after contact 
has taken place, and the material has been removed, the 
liquid maintains no longer any relation with the nucleus, 
the affinity or attraction is satisfied, and, so to spef^, it 
loses its hold thereupon, and is pressed off by new-com- 
ing portions. Before its approach, and after its depart- 
ure, the liquid has opposite rela- 
tions to the nucleus, and in this 
respect may be regarded as rep- 
resenting two liquids, the one hav- 
ing a high affinity, and the other 
none, for the nucleus. The circu- 
lation in vegetable cells is shown 
by the direction of the arrows in 
Mg. 41. The course taken by the 
current maj be determined under 
the microscope by the minute 
floating, or, rather, drifting gran- 
ules. It is to and then from the 
nucleus. 

Mg. 42 {page 112) represents 
one of the jointed hairs from the 
Tradeecantia Virginica. a,b,C,d 
are the successive cells of the hair. 
The dotted lines show the direction 
and irom the nucleus. 

The juice about to nourish a part has for that part a 

Under what circnmslaaceg does circulation take place in c«I1b? 
BcBcribe ihe illuBtrationH, F^t. 41 and 42. 
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Fig. 43. certain affinity, but, with the ac- 

complishment of that nutrition, 
the affinity is at once lost. Thus, 
for instance, in the systemic circu- 
lation, the parts to be nourished 
have a certai]\ affinity for arterial 
blood ; they take from it whatev- 
er their purposes require, and, that 
done, the relation at once ceases ; 
the blood, become venous, has lost 
its hold upon them, and is pressed 
off. We may conveniently de- 
^^^^ scribe this effect as a pressure of 

Circulation in Tradescantia. ^^^ Unchanged upoh the changed 

liquid. 

The motions of the sap in plants are clearly depend- 
ent on this principle. Leaving out of consideration the 
minor movements taking place for special purposes, or 
at specific epochs in the development, it may be truly 
said that the nutritive changes occurring in the leaf are 
the primary cause of the motion ; for, as the ascending 
sap presents itself on the sky face of the leaf, it receives 
carbon, under the influence of the sunlight, from the air, 
and becomes converted into a gummy, glutinous liquid. 
And just as in the pores of a bladder, or in those of any 
pervious mineral, pure water will drive out gum-water, 
and occupy the pore, so will the ascending sap expel the 
gummy solution from the capillary tubes or intercellular 
spaces of the leaf. As fast as this takes place, the act- 
ive liquid becomes inactive, by itself changing into a 
gummy solution, and the movement is perpetuated. 
And this ensues not only in the leaf, but in every part 
of the plant ; the liquid to be changed presses upon that 
which has been changed, and forces it onward. In this 
manner, motions in various parts and of very great in- 
tricacy will ensue, but all of them, if duly considered, no 
matter whether their seat be in the root or in the bark, 
in the flowers or in the leaves, no matter whether they 
take place in the height of summer or just at the close 
of winter, when the sap first rises, or even in the germi- 
nating seed which is under the ground, and has never 

What is the explanation of the motion in those cases? Give the 
explanation of the flow of sap. 
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yet been exposed to the light, may, without difficulty, 
be referred to the nutritive change carried on in the 
leaves of the plant under examination, or its parent, by 
the influence of the rays of the sun. 

All this holds good, not only in the nutrition of a cell, 
the more complicated nutrition of the various parts of a 
flowering plant, or even of an animal, but li&ewise in 
those destructive changes restricted to the latter class, 
and arising in interstitial decay; for the blood has a 
double duty to perform: it not only serves for nutri- 
tion, but also for the removal of efllste and dying parts. 
These it eflects the oxidation of, their carbon passing 
into carbonic acid, their hydrogen into water ; and this 
is accomplished by oxygen obtained in the process of 
respiration. The scarlet or arterial blood, charged with 
its oxygen, passes to all parts of the economy in search 
of organic particles ready to be removed ; it eflects their 
disorganization, and, becoming thereby venous, is press- 
ed onward. And now, if we recall that nutrition m an- 
imals depends on the access of air — even fibrin can not 
arise from albumen except under that condition- — we can 
not avoid the conclusion that all operations of repair and 
all operations of waste are made to conspire together for 
the production of movement ; and though every part of- 
fers its own special cause, as depending on nutrition, or 
disintegration, or secretion, they may be all grouped to- 
gether as the necessary results of one more primitive 
operation, the supply of oxygen to the blood in the res- 
piratory^echanism. 

In my view of this subject, it is therefore the arterial- 
ization of the blood in the lungs which is the cause of 
the circulation in man. I consider the circulation as the 
consequence of respiration ; and though, in one sense, 
the minor causes are numerous, each portion of nervous 
material, each muscular fibre, every secreting cell work- 
ing its own way, these subordinate actions are all refer- 
able to one primordial act, and that is the exposure of 
the blood to the air. 

Whatever, therefore, interferes with respiration, inter- 
feres with circulation. If an irrespirable gas is thrown 
into the cells of the lungs, the passage of the blood is 

Explain upon the same principles the capillary circnlation of ani- 
mals. How is it that the circulation is connected with respiration ? 
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instantly arrested, and asphyxia ensues. Or, if the ac- 
cess of the air is cut off, as in drowning, in vain the heart 
exerts its utmost convulsive throb— it is unable to drive 
forward the blood ; and in those cases, by no means in- 
frequent, yet undoubtedly the most surprising occurring 
in the practice of medicine — ^restoration from death aft- 
er drowning, the whole success turns on one condition, 
the re-establishment of the arterialization of the blood. 
K that be accomplished, the circulation is restored, and 
the heart proceeds with its duty. And for these rea- 
sons, I believe that in many cases success would be had, 
where failures are now experienced, if, instead of resort- 
ing to atmospheric air, pure oxygen gas or protoxide of 
nitrogen were administered. 

In the more highly-developed organisms the olSjects 
of the circulation are threefold : 1st.. To minister to the 
nutrition of the system ; 2d. To introduce oxygen ; 3d. 
To remove the products of waste. In man, these vari- 
ous results are accomplished by several different ar- 
rangements : 1st. The greater, or systemic circulation ; 
2d. The less, or pulmonary circulation; 3d. The portal 
circulation ; 4th. The Malpighian cu*culation, etc. 

The course taken by. the blood is as follows. Leav- 
ing the left ventricle of the heart, it passes into the aoita, 
and is distributed by the ramifications thereof, constitu- 
ting the systemic arteries, to all parts of the system. It 
moves onward through the capillaries, which may at once 
be considered as the terminal ramifications of the arte- 
ries and the commencing tubelets of the veins^ These, 
converging into larger and larger venous trunks, the sys- 
temic veins, deliver it into the ascending and descending 
venae cavse, from which it flows into the right auricle, 
and from thence into the right ventricle of the heart. 
From thence it is driven into the pulmonary artery, to 
be distributed to the lungs, and, coming therefrom along 
the pulmonary veins, reaches the left auricle, and from 
thence it gains the left ventricle, which was its starting- 
point. 

In the pulmonary veins, the left cavities of the heart, 

What is the essential point in restoring the circulation after drown- 
ing ? What are the objects of the circulation ? What is the gener- 
al course of the blood in the systemic circulation ? What is it in the 
pulmonic? 
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and in the systemic arteries, the blood is crimson. In 
the systemic veins, the right cavities of the heart, and 
pulmonary artery and its branches, it is blue. The 
change from crimson to blue takes place in the systemic 
capillaries, and from blue to crimson in the pulmonary. 
The systemic, or greater circulation, is considered as be- 
ginning at the left ventricle and ending at the right au- 
ricle ; the pulmonary, or less circulation, begins at the 
right ventricle and ends at the left auricle. This double 
course is sometimes Olustrated by likening it to the fig- 
ure 8, the upper loop representing the pulmonary, the 
lower the systemic circulation, the heart being placed at 
the nodal point. 

As has just been remarked, there are other subordi- 
nate circulations, but of these only one need attract our 
attention at present — ^it is the portal. This originates 
in a system of capillaries, the veins belonging to the di- 
gestive apparatus, which, converging rapidly together, 
form a common trunk, the portal vein. This at once 
ramifies like an artery in the substance of the liver. 
From the resulting capillaries, the blood passes into the 
commencing capillaries of the hepatic veins, which empty 
into the inferior vena cava, and so it reaches the general 
circulation. The physical peculiarity of the portal cir- 
culation is, that it commences in a capillary system, and 
ends in one, without the intervention of any central or- 
gan of impulse, or heart. At a very early period, com- 
parative anatomists were struck with the analogy be- 
tween the pcfrtal circulation in man and the systemic 
circulation of fishes, both being carried on in the same 
way, that is, without sl heart. In fishes, the heart is a 
branchial, respiratory, or pulmonary one. Their syste- 
mic circulation, or circulation of crimson blood, com- 
mences in the capillaries of the respiratory apparatus, 
the gills ; a convergence takes place into an aorta, which 
ramifies into systemic capillaries. So the great circu- 
lation in these tubes is accomplished without any heart. 
It is scarcely necessary to point out the bearing of such 
a fact on the theories of the movement of the blood. 

In I^ig. 43 (page 116) is a diagram of the circulation 

^^^■^■^^^^ ■ ■ ■ ' ■ ■ ■ I ■ ■ 11 I ■ ■ ^^^m^^ I I ■■ I . . ■ ■ ■■■■■■■■■■■■■ I — ^.^^^■^■^l ^ ^p— ^» I ■ ■ »■ m ■ i m 

Where is the blood crimson, and where bine ? What is the portal 
circulation ? What is its physical peculiarity ? In what respect 
does the portal circulation resemble the systemic of fishes ? 
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Pig.*^ of a fish ; a is the anriole ; i, the ventri- 
cle; c.thebraaehial or pulmonary artery; 
e, e, the branchial or pulmonary veins, 
briagiug blood from d, the brancbiie, and 
■* ooDverging directly toy, the aorta, which 
distributes the systemic blood. This is 
collected into a vena cava, g, and so 
brought to the auricle, a. There Ib, 
therefore, no systemic heart. 

The farther discussion of this subject 
will be continued as follows : We shall 
describe, 1st, the construction and action 
of the heart ; 2d, of the arteries ; 8d, of 

ithe capiUaries ; 4th, of the veins. We 
shall then present a view of the com- 
bined result of these various mechan- 
isms. 

let, The Heart. The first appearance 
Dtagim^^ii dr- of the heart is as a cavity arising in a col- 
lection of cells by deliquescence or sepa- 
ration of the central ones. At this early period, and 
even before the cavity has fairly formed, puliation may 
be observed. The organ soon assumes a tubular form ; 
Pig,u. " and this, becom- 

ing curved, as 
shown in J^Sj. 44, 
differentiates into 
three compart- 
_ meiits, with arte- 

imtary iie««. ^al and venous 

connections; 1, the venous trunks; 2, the auricle; 3, 
the ventricle ; 4, the bulbus arteriosus. The form to be 
eventually assumed is foreshadowed in the manner in 
■which the curved tube develops, the arch of the curve, 
2, bulging so as to form a conical ventricle. This tri- 
chambered heart remans permanent in fishes, aa seen in 
the preceding figure. (43), of which a is the third cham- 
ber. But in birds and mammals, the aortic bulb mei^ea 
into the ventricle, through which, as well as through the 
auricle, a septnm or partitiop is established, and uius a 
double heart, or one of four chambers, arises. 
BcBcribe Fig. 48. What a the mode of development of Iha 
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The diagram. Fig. Ptg- « 

46, represents a double- 
chambered heart, d be- 
ing its auricle, e the ven- 
tricle, c c,tho veins Gon> 
ver^ng to the auride, 
a the aorta or mm ar- 
tery paesing from the 
ventricle. The course 
of the blood la indicated 
by the arrows. 

The heart with four 
cavities may be consid- 
ered as. arising from the 
conjunction of a pair 
of the preceding form, 

with their efferent and Di^jMinrfeineieheirt. 

afferent tubes, or arteries and veioB, bo modified or ar- 
ranged that the right heart receives its blood from the 
system in an auricle, from which it passes into a ven- 
tricle, and thence to the lungs. From the lungs, after 
aeration, this blood is PfB.4e. 

brought to the auricle of 
the lefl heart, thence into 
its ventricle, and thence 
to the aorta. Though all 
four chambers are gener- 
ally coalesced into one 
conical form, the heart of 
the dugong, ^g, 46, pre- i 
sents the true typical I 
structure ; £ is the right 
or pulmonary ventricle, L 
the left or systemic ven- 
tricle, their apices being 
quite apart: D is the right „ , .. , 

or systemic anncle, F the _ 

pulmonary artery, K the left or pulmonary auricle, and 
A the aorta. 

Externally, the heart is covered by a serous mem- 

Deacriba ihc diagram. Fig. 45. How may the foar-cbambered 
heart bo coneidered aa arising ? What is there peculiar in the heart 
of tho dagong ? 
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bnuie,pericardmm, andin its interior is eheathed by the 
endocardinra, an eitension of the interior coat of the 
p;reat blood-veaaels. Though its moYements are wholly 
involuDtary, its muscular fibres are of the transversely 
striated kind. They are about one third leas in diame- 
ter than those of volantary musoles generaUy, and are es- 
Pfg. ft. pecially characterized 

by their disposition to 
anastomose with one 
another, as represent- 
ed in Mg. 47. In the 
ventricleB the arrange- 
ment is such that the 
fibres of the external 
and internal surfaces 

Uiucalu fltma oflhahmrt, deoUBSate. 

The motions of the heart consist in the dilatations and 
contractions of the muscular walls of its cavities. The 
two anricles contract at the same moment, as do also the 
two ventricles, but the contractions of the auricles coin- 
dde with the dilatations of the ventricles. 

The course of the blood through the heart is this. 
The Tenons blood, brought hy the ascendinz and de- 
scending cavse, fiows into the r^ht auricle as it is dilat- 
ing, and for the moment pushes forward to the ventri- 
cle, bat the auricle, bein^ of less capacity than the yea- 
tricle, is filled to distention first; at this instant it con^ 
tracts, forcing its contents past the tricuspid valve into 
the ventricle, and fills it completely. The bfood can not 
regurgitate into the veins to any extent while this is 
gomg on, becanae of the almost perfect closure of their 
valves. The right ventricle now commences to con- 
tract ; its fieahy columns shorten so as to pull npon the 
tendinous cords attached to the flaps of the tricuspid 
valve; this enables the blood to get behind them, and 
they quietly close the aperture between the auricle and 
ventricle ; the closure is not, however, under all circum- 
stances, perfect, the mechanism being such as to permit 
leakage or regurgitation to a limited extenL The blood 

What is there peculiar aa respects the moscalar jibreg of the heart ? 
Id nhat order do the dilatationa and contractions of the auricles and 
rentriclea take place ? Describe the course of Che blood thiotigh the 
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now rushes into the pulmonary artery, passing by its 
semilunar valves, which, the moment the ventricular 
pressure ceases, shut, so as to prevent any return to the 
heart. 

Having passed through the lungs and been submitted 
to the air, the blood now returns to the left auricle, and 
is forxsed by it into the left ventricle, the action on this 
side of the heart being the same as on the other ; the 
mitral valve, closing the opening from the auricle into 
the ventricle, is worked in the same manner as the tri- 
cuspid^ and the blood is pressed into the aorta, the semi- 
lunar valves of which, at that instant, shut abruptly with 
an audible sound, and prevent any regurgitation. In 
this manner the distribution to the system is accom- 
plished. 

On both sides of the heart, as soon as the auricles 
have finished their contraction, they begm to dilate, and 
continue to do so during the period tkat the ventricles 
are contracting. Thus there is an accumulation in them 
when the ventricles are ready to dilate, and, as soon as 
that occurs, the blood flows freely forward into those • 
cavities, the complete distention of which is then accom- 
plished by the contraction of the auricles, as before ex- 
plained. 

The mode of action of the two sets of cavities is dif- 
ferent. The auricles contract suddenly, first at the place 
of junction of their veins, the effect passing quickly for- 
ward ; the ventricles contract more slowly, but simulta- 
neously in every part. 

During each beat of the heart two sounds may be 
heard, followed by a silence. The first sound is dull ; 
the second, which follows it quickly, is sharp. They 
may be imitated by articulating the syllables lubb, dup. 
The first is due to the contraction of the muscular fibres 
of the ventricles, and the striking of the apex of the 
heart against the wall of the chest ; to a certain extent, 
the opening of the semilunar valves, and the rush of the 
blood into the pulmonary artery and aorta contribute to 
it. The second sound is due to the shutting of the semi- 
lunar valves of the aorta and pulmonary artery. 

Describe the manner in which its valyes work. In what manner 
do the anricles and ventricles respectirelj contract? What sonnds 
are emitted ? What is the cause of these sounds ? 
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At each contraction of the ventricleB the heart strikes 
against the walls of the chest, usually between the fifth 
and sixth ribs, and an inch or two to the left of the ster- 
num. This motion is partly due to the action of the spi- 
ral muscular fibres of the ventricles, which gives a tilt to 
the heart, and partly to the globular form the whole or- 
gan suddenly assumes. 

The number of pulsations made by the heart differs 
very much at different periods of life : at birth it is from 
130 to 140 per minute ; at the seventh year, from 80 to 
85 ; during mature life, from 70 to 75 ; and in old age, 
from 50 to 65. In females it is more frequent than in 
males. It observes a general relation to the number of 
respirations, five pulsations commonly occurring during 
one respiration. It varies with incidental circumstances. 
During sleep it declines in frequency ; after eating, or 
during exercise, it is quickened. Examined from morn- 
ing to evening, it becomes slower by degrees. Lying 
down, the pulse is slower ; in a sitting posture, more 
frequent ; and still more so when standing, the varia- 
« tions depending on muscular exertion. In conditions 
of disease, the ratio between the number of pulsations 
and respirations is variable. 

The walls of the left ventricle are twice as thick as 
those of the right, and the force of its contractions is 
about double. The capacity of the two ventricles is 
nearly the same, and is taken at about three ounces. 
The active force with which the auricles dilate is feeble, 
and wholly incompetent to exert any thing like the suc- 
tion power at one time supposed, yet that they are not 
distended by the mere influx of the blood is satisfacto- 
rily proved by their dilatation after the heart has been 
cut out. 

With respect to the absolute force which the left ven- 
tricle exerts for the propulsion of the blood into the sys- 
temic arteries, it is stated to be 13 lbs. This result is 
derived fcom the consideration that the pressure of the 
blood in the aorta is about 4 lbs. 3 oz. 

That the motions of the heart can not be referred to 
the prfesence of the blood, or any reflex action arising 
from the cerebro-spinal system, but must be attributed 

What is the number of pnlsations ? How do thev vary ? What 
is the absolute force of contraction of the left ventricle ? 



CATJSB OP THE MOTIONS OB" THE HSABT. 121 

to the organ itself, is proved by their continuance after 
its excision from the body, or even after it has been cut 
in pieces. Some have supposed that the minute sympa- 
thetic ganglia with which it is furnished are the source 
of the motive power ; others are disposed to impute it 
to a self-contractile power of its muscular fibres, irre- 
spective of any nervous agency. Of course, it is admit- 
ted by all that the brain and spinal cord can influence 
these movements, but such effects are superadded and 
not uniform. 

Of these opinions, we shall find many reasons for pre- 
ferring the first when we come to the description of the 
nervous mechanism. It will be then seen that one of 
the prominent functions of nervous ganglia of a certain 
order, and particularly the ganglia of the sympathetic, 
is the storing up of impressions they have received, and 
thus becoming reservoirs or magazines of force. The 
power thus engendered or contained in them is by no 
means always delivered out in totality at once, but it 
may be in small portions, at intervals, for a long time ; 
and doubtless in this way the minute sympathetic gan- 
glia of the substance of the heart retain a power of keep- 
ing up the motions of that organ for a certain period of 
time, even though great lesions or morbid changes may 
have supervened. Such a mechanism recalls the man- 
ner in which chronometers are kept going during the 
short time that the ' action of the main-spring is taken 
off when the watch is wound up. 

2d. The arteries are tubes consisting of different tu- 
nics or layers variously numbered by anatomists. They 
may be suflSciently described as, 1st. The exterior tunic, 
containing fibres generally running lengthwise, connect- 
ive and elastic tissue : it is of about the same thickness 
as the tunic below ; 2d. The middle tunic, characterized 
by being composed of non-striated muscular fibres cir- 
cularly arranged ; 3d. The interior tunic, thin, and con- 
sisting of a cellular or epithelial layer, smooth and pol- 
ished, to permit of the ready passage of the blood. 

The elasticity of the arteries enables them to sustain 
the sudden action of the heart by distending to a certain 

On what nervous influences do the motions of the heart depend ? 
What is the mode of action of its ganglia? Of how many tnnics arc 
the arteries composed ? 

F 
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degree as the blood is driven into them, and by their 
gradual collapse when the ventricles cease their press- 
ure, the jetting or intermitting flow is converted event- 
ually into a continuous stream. The mechanical influ- 
ence of the heart is thus decomposed into two portions : 
one, of momentary duration, or, at all events, lasting only 
so long as the ventricle contracts; and a second, occu- 
pied in distending the elastic arterial tube ; but this por-, 
tion is not lost to the circulation, since the tube, as it 
contracts, yields it back again to the blood. The mo- 
mentary impulse of the heart is thus spread over a con- 
siderable duration without loss. 

The muscularity of the arteries is shown by their con- 
traction on exposure, their subsequent dilatation being 
due to their elasticity, this contractile property being 
continued for some time after death. It is also proved 
by the great diminution of diameter the arteries exhibit 
when under the influence of an electric current. The 
q^aantity of muscular and elastic tissue in different arte- 
nal tubes is usually in an inverse proportion. In the 
great arteries the elastic tissue abounds, in the smaller 
the muscular increases. By thisir muscular coat the 
quantity of blood in these tubes can, within certain lim- 
its, be regulated. 

At each injection of blood into it an artery distends. 
It then contracts, and thus gives origin to a pulsation. 
Its increase is both in diameter and length, the tendency 
being to lift it at each pulsation. The distention does 
not occur at the same instant in all these tubes, but those 
nearest to the heart yield first, and the more distant a 
little later. There is, therefore, what may be termed a 
wave of distention passing throughout the length of 
each arterial tube, and another actual wave in the blood 
itself. These pass onward at different rates of speed. 
The interval of wave-motion from the heart to the wrist 
is about one seventh of a second. Of course this wave- 
motion is to be distinguished from the absolute move- 
ment of the blood, which is much slower. In the caro- 
tid artery the flow of the blood is about one foot in one 
second. 

What is the effect of their elasticity ? How may the muscularity 
of the arteries be proved ? Describe the action of an artery as the 
blood flows into it. • What is meant by the wave-motion ? 



A pressure or impact, communicated to a liqnid in a 
long tube, is traDsrnitted to the more distant end witb 
vastly more rapidity than the liquid itself could flow 
through the same' distance. Thus, if we were to sup- 
pose a very long metal tube to he filled completely with 
water, its two ends having been tightly closed by tying 
pieces of bladder over them, the tap of a finger on one 
of the pieces of bladder would he almost instantly felt 
by a finger laid on the other. Indeed, it has been pro- 
posed to establish telegraphic communication on this 
principle, though such attempts would prove abortive 
from the interference of collateral circumstances. This 
example may serve, however, to illustrate the essential 
diflerence between the flow of a liquid in a tube and the 
passage of a pulsation through such a liquid cout^ed 
in such « tube. 

3d. The cafillasibs may be regarded as tubular con- 
tinuations of the arteries and the commenoement of the 
veins. They ramify through the organic structures. 
They are of pretty uniform diameter, and may there- 
fore be looked upon as cylinders. Their QsuiJ size iB 
about 3(fe|| of an inch ; J^eir mode of distribution varies 
with the structure and fnnctions of the part tbey oc- 
cur in: thus, in Pig. 4s. 
TUDBcles they run 
parallel; in the 

!>apillK tbey are 
ooped. 

They consist es- 
sentially of a deli- 
cate structureless j 
membran.e, analo- 
gous to cell mem- | 
brane, and the sar- 
colemma of volun- 
tary muscles. It 
possesses a certmn 
degree of elastic- 
ity, and presents 
here and there ceU ^,^^ dbwimtioo w n>uco=. »,en,i™, rt 

nuclei. itomach. 

illDstraicd ? Describe the 
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^a- «■ The interspace b be- 

tween adjacent ca- 
pillaries vary much 
ID size and shape, 
the latter variation 
being dependent on 

Itlie mode of distri- 
bution, whether 
parallel,rGticulated, 
looped, etc.; as to 
Bize, in the liver the 
interspaceB are of 
lees mameter than 
the capillaries, in 
the choroid coat 
Btill smaller, but in 
CipiiiuydinribuUoiiioTmiofdiuidHiiiiiL tijg cellular coat of 
the arteries they are ten times larger than the vessels. 
These interstitial spaces are noarished b^ the matter 
exuding through the thin walls of the capillaries. 

Fig. 50 represents the capillary circulation in the web 
ofthe frog's foot: a, venoos trunk ; h S, branches of ve- 
nous trunk ; c c, pigment cells. The elliptical blood- 
discs are seen in outhne in the interior ofthe vessels. 

The blood flows through the capillaries in an uninter- 
rupted stream, its jetting motion being entirely lost. 
The rate of circulation through the systemic capillaries 
is about three inches per minute, that through the pul- 
monary being five times aa swift, the length of the ca- 
pillary tube to be passed ^ of an inch, so that the pas- 
sage from the artery to the vein may be accomplished 
in less than one second. It is to be remarked, however, 
that all parts ofthe cylindrical stream do not move with 
equal rapidity. Those parts nearest to the wsJl ofthe 
vessel are spoken of as the still layer, from their tardy 
movement. It is in this that the white corpuscles may 
be seen. 

Mg. 51 shows a portion of a small vessel from a frog's 
foot : a a, red blood elliptic cells, occupying the asis of 
the vessel, and exterior to them, moving more slowly, or 

How does their discribation vary ? How are the intcrstillal spaces 
nourished ? Does the blood move ia a jetting way in the capillaries? 
What is ihe still layer? 



THE VBIHB. 

Pia.ed. 



CipUlsr; ElmiliUon of bog's foot 

oocnpying the atill lay- Fis. si 

er, the white spherical t 

cells ; b b, nucleated a * 

epithelium. 

4th. The veins have 
a Htnicture in some re- 
spects different from 
that of the arteries. 
Their elaatio coat is 
by no tneanii so much 
developed, and their 
mnscalarity less dis- 
tinct. With the ex- 
ception of those of the 
lungs, abdominal vis- 
cera, and brain, their 
interior is furnished 
with valves of single. 
Deacribe the Btroctiua of tho t< 



Whlla coTjmsclcfl in tho et 
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Fig.Sli. 




Valves of veins opeiL 
FigSS. 




double, or triple flaps, in all instances opening toward 
the heart. The blood flows equably in them, the pulsa- 
ting action of the ventricles having disappeared in the 
capillaiies. Since they present an aggregate capacity 
two or three times that of the arteries, the motion of 
the circulation. in them is proportionably slower. JF'ig. 

52 is a diagram show- 
ing the manner in which 
the valves open when 
the blood flows in the 
course indicated by 
the arrows. Mg, 63 
shows their applica- 
tion to each other, or 

Valves of veins shut ^q ^I^q gj^^g ^f |.|j^ 

vein, and the consequent bulging of that vessel when 
the current, as indicated by the arrows, is in the oppo- 
site direction. 

Having now described the structure and action of the 
heart, the arteries, capillaries, and veins respectively, as 
far as is necessary, it remains to group those actions to- 
gether, and present the theory of the circulation at one 
view. 

But, before entering on this, it is proper to offer an 
argument against the doctrine of those physiologists 
who still -maintain that the circulation is wholly depend- 
ent on the heart, and that that organ is entirely compe- 
tent to carry it on. 

The majority of the circulations we examine in organ- 
ic forms are accomplished without any heart. Plants 
have none ; fishes have no systemic heart ; even in man, 
at the first period of embryonic existence, there is no 
such central organ ; in his adult condition the portal cir- ' 
culation has none. The current of blood \a the capil- 
laries, seen under the microscope, exhibits no jettmg 
movements, but, on the contrary, a steadiness of flow, 
sometimes for long in one channel, then a cessation, then 
perhaps a retrogradation, and then a new path. It looks 
as though the blood was flowing spontaneously, and not 
by any force acting behind. The heart of an animal 

In what direction do the valves open ? Does the action of the 
ventricles reach the veins? Mention some facts proving that the 
heart is not the sole cause of the circulation. 
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may be suddenly cut out, and yet the capillary motion 
may go on in the same direction as before. After death 
the arterial tubes are most commonly found empty : a 
result which is a mechanical impossibility on the suppo- 
sition that the heart alone drives the blood, but a neces- 
sary consequence if the capillaries draw it. In acardiac 
monsters the blood circulates without difficulty, and, 
though it was at one time supposed that in these twins 
the hearted foetus drove the blood through the heart- 
less one, this is now demonstrated not to be the case. 
The circulation, moreover, varies locally, and at special 
epochs,, as in the development of the generative organs, 
the mammary glands, the flow to the erectile tissues. 
Ubi irritatio ibi fluxus is an old medical aphorism, and 
these local variations are incompatible with the action 
of one central unvarying force. In cases of spontane- 
ous gangrene, it sometimes occurs that the circulation 
through the part has declined; while the capillaries are 
all open, as subsequent examination proves. The appli- 
cation of cold to a part checks the circulation through 
it, and this not through any contraction of the vessels ; 
so, likewise, does a jet of carbonic acid gas directed 
upon them. Moreover, any retardation in the supply 
of air to the lungs restrains the circulation, and this not 
alone in the pulmonary vessels, but also in the systemic 
capillaries, producing an increased pressure in the arte- 
risd tubes, a diminished one simultaneously occurring in 
the veins ; and if, in the various cases now mentioned, 
the propulsive action of the ventricles can not be relied 
on to explain the difficulties, neither can any supposed 
suction or exhausting action of the auricles. When a 
ligature is tied round a vein, the action of the auricle is 
cut off, but the vein distends beyond the obstruction, 
showing that there is a force acting from the capillaries. 
Flexible tubes, such as those vessels are, would at once 
collapse under the exertion of a very moderate suction 
power, far less in intensity than would be necessary to 
draw the blood in the veins. 

In spasmodic asthma, and in all pulmonary conges- 
tions, the right side of the heart circulates the blood 

May the capillary circulation go on when the heart is removed ? 
What is the effect of cold on the circulation ? What is the eflFect of 
a ligature ? What is remarked in pulmonary congestions ? 
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with difficulty through the lungs, showing the existence 
of a great obstruction to its motion through the pulmo- 
nary capillaries. An examination of the condition of 
the various portions of the circulatory apparatus after 
death presents facts utterly inexplicable on the doctrine 
of the sufficiency of the heart. 1 have already mention- 
ed the empty ^tate of the systemic arteries ; to this may 
be added what js often witnessed — ^the distended condi- 
tion of the pulmonary artery, into which the blood has 
been forced by the expiring beats of the right ventricle, 
but has been unable to get through the pulmonary ca- 
pillaries because of the cessation of respiration ; but in 
other cases, where respiration has come to an end more 
tranquilly or slowly, the left auricle is full of blood, 
which must have been driven into it by the pulmonary 
capillaries. In sudden death, as by hanging and drown- 
ing, the right heart is excessively distended, as is also 
the pulmonary artery. • 

I might proceed to add to these other facts exhibiting 
local variations of the supply of blood in the periodici- 
ties of the system. There is a certain amount sent to 
the brain during the day, and a less during the repose 
of the night ; in the muscular system, during the time 
of its action, the quantity demanded is greater ; in its 
state of inactivity, less. A constantly and invariably 
acting machine, such as is the heart, could by no possi- 
bility adjust these variable supplies. But the cases here 
offered are more than enough, and it remains to be add- 
ed that, though not one of them can be explained on the 
doctrine of the sufficiency of the heart, there is not one 
which does not follow as a necessary consequence of the 
doctrine now to be presented. 

EXPLANATION OP THB CIRCULATION OP THB BLOOD. 

On this view, the circulation is conducted in the fol- 
lowing manner. The left ventricle of the heart impels 
the blood into all the aortic branches, any backward re- 
gurgitation into the auricle being prevented by the shut- 
ting of the mitral valve ; the force employed is decom- 

What is the usaal state of the systemic arteries after death ? What 
is the conditioD of the heart in hanging and drowning ? Can the 
theory of the heart's notion explain local variations in the blood sup- 
ply ? Describe the circalation as far as the heart's action extends. 
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posed into two portions, one part exerting an instanta- 
neous effect on the blood in pressing it forward, and 
ceasing instantaneously, and thus giving origin to the 
pulse ; the second distending the arterial tubes, but not 
being lost thereby, since their elasticity causes them to 
contract, and the semilunar valves at the origin of the 
aorta being at this period shut, a steady, onward press- 
ure is exerted on the blood ; so the quickly-ending ac- 
tion of the ventricle gives origin to two distinct mechan- 
ical results — a sudden impact and a continuous pressure. 
This suffices to bring the blood to the arterial origin of 
the capillaries, and beyond that point the action of the 
heart may be considered not to extend. ' 

The relation between the interspaces of the capillaries 
and the blood thus introduced to them continues the 
current. The particular mode in which this relation is 
manifested differs in different parts. The oxidizing ar- 
terial blood has a high affinity for those portions that 
have become wasted ; it effects their disintegration, and 
then its affinity is lost. The various tissues require re- 
pair ; they have an affinity for one or other of the con- 
stituents of the blood ; they take the material they need 
and their affinity is satisfied ; or secreting cells originate 
a drain upon the blood, and the moment they have re- 
moved from it the substance to be secreted, they have 
no longer any relation with it. So processes of oxida- 
tion, and processes of nutrition, and processes of secre- 
tion all conspire to draw the current onward from the 
arteries, and to push it out toward the veins; and though 
these processes may present themselves in many various 
aspects, they are all modifications of the same simple 
physical principle. 

The blood has now reached the veins, and is forced 
onward in them by the power that has thus originated 
in the capillaries. The influence of the heart is here un- 
felt, the exhausting action of its right auricle is inappre- 
ciable, and, thus pushed onward from the capillaries, it 
reaches the heart, completing its systemic or greater 
circulation. This circulation may therefore be said to 
be due to the high affinity which arterial blood has for 
the tissues, venous blood having none ; and the action 

Describe the cause of its circulation in the capillaries. I>escribe 
its circulation through the veins. 

F2 
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of the heart is confined to the filling of the arterial tabes, 
and presenting fresh portions of blood to the capillaries. 

Arrived at the right auricle, the blood flows continu- 
ously into it and the right ventricle for a moment, but 
the ventricle holding more than the auricle, the latter 
cavity is fully distended first. At that instant it con- 
tracts, the valves in the veins shutting, and the blood, 
driven thus forcibly into the ventricle, distends it to 
the utmost. The ventricle, in its turn, now contracts, 
the tricuspid valve shutting, and the blood issues forth 
through the pulmonary artery, its valves then closing. 
At this moment an event occurs which, in these descrip- 
tions, is generally overlooked^-an action analogous to 
that of the hydraulic ram. On the shutting of the tri- 
cuspid, the whole column of venous blood would be 
brought to a stop if the tubes containing it were un- 
yielding, and a great force would be generated froin 
this stopping of its momentum ; but the auricle is -ready 
to dilate, and into its cavity the blood, which would be 
otherwise checked, flows. I consider that this safety 
action of the auricle is one of its prime functions. The 
rapidity with which the dilatations and contractions are 
taking place furnish no argument against the occurrence 
of this action. I have a hydraulic ram, the pulsations 
of which may be so adjusted as to exceed greatly in fre- 
quency those of the heart, and, indeed, to give rise to a 
low murmuring sound, and yet, under these circum- 
stances, the lateral force is so great as to throw a col- 
umn of water more than forty reet high. If it were not 
for the dilatability of the auricles and their yielding tex- 
ture, the veins would burst on the shutting of the tricus- 
pid valve. 

The ramifications of the pulmonary artery bring the 
blood to the capillaries of the lungs, but beyond that the 
influence of the heart is not felt, for now the physical 
principle heretofore described comes again into action. 
The venous blood has a high affinity for the oxygen of 
the air, an affinity satisfied as soon as the blood presents 
itself in the cells of the lungs. Arterialization being aci 
complished, the portions to be changed exert a pressure 

Describe its passage through the right side of the heart What is 
meant by the safety action of the auricle ? Describe the circulation 
through the lungs. 
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on those that have changed, and the blood, moving for- 
ward m the pulmonary veins, reaches the left auricle of 
the heart. 

For a moment it passes into the left auricle and ven- 
tricle continuously, but the auricle, being of less capaci- 
ty, fills first. It contracts as soon as it is completely 
full, and drives its contents into the left ventricle, dis- 
tending it to the utmost. The ventricle now contracts, 
shutting the mitral valve, and the ranl-like action is re- 
peated on this side of the heart. But the blood expelled 
from the ventricle is urged into the aorta, its force being 
decomposed, as before described, one part acting instan- 
taneously as an impact on the blood, the other on the 
arterial walls, and oh the first moment of the recession 
of the walls of the ventricle the semilunar valves of the 
aorta shut, and this act completes one tour of the circu- 
lation of the blood. 

In^this description I have said nothing of the circula- 
tion in the substance of the heart itself, since it would 
have led to a needless complication. It should be re- 
membered, as an illustration of the forking of the phys- 
ical principle here explained, that the motion of the 
blood is contrary in the greater and less circulations, 
compared together. In the former, the current is from 
the crimson to the blue ; in the latter, from the blue to 
the crimson side. 

The action of the heart is therefore limited to the fill- 
ing of the arterial tubes, so as to present to the capilla- 
ries a constant supply of blood. ' There seems to be but 
little suction force exerted by the auricular cavities for 
the emptying of the veins. The valvular construction 
of these vessels economizes every pressure that the mus- 
cles may exert on them in favor of the circulation, for 
every such pressure must, by reason of the valves, force 
the blood onward to the heart. This is, however, only 
an incidental result of the same character as the influ- 
ence which the motions of respiration exert. They may 
be properly overlooked in a general statement of the 
causes of the circulation. 

From the lungs, in what direction does the blood flow ? What is 
to be remarked as respects the direction of the circulation in the sys- 
tem and in the lungs ? What is the conclusion as respects the heart's 
action ? 
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By regarding the affinity between the blood and the 
tissues with which it is in contact as the great primary* 
cause of the circulation, we assign a reason for those va- 
rious phenomena which can not be accounted for on 
Harvey's doctrine : the motions in the embryo ; the pe- 
riodic and 'local variations; the portal circulation; the 
changes in the current, as seen under the microscope ; 
the movement in the capillaries after the heart is cut 
out ; the empty condition of the arteries after death ; 
the phenomena of acardiac foetuses ; local inflammations 
and congestions ; the gangrene of parts while their ca- 
pillaries are pervious ; the retardation of the current on 
the application of cold or of carbonic acid gas ; the' re- 
sults of asphyxia and death by drowning or hangitjg ; 
the changes of pressure in the arteries and veins respect- 
ively during a check on the respiration ; the vis a tergo 
of the veins ; the effects of a Jigature on those vessels ; 
the action of irrespirable gases when breathed, and the 
opposite conditions when oxygen gas or protoxide of 
nitrogen are used. 

Among the striking proofs of the truth of this doc- 
trine, that the primary cause of the circulation is the 
aeration of the blood, 1 would particularly direct atten- 
tion to the effects which ensue in the moment of birth 
at the first breath. That intercommunication between 
the two sides of the heart, established through the fora- 
men ovale and through the ductus arteriosus, is sudden- 
ly put an end to. But this is not through any change 
in the mechanism of the heart itself, nor because of any 
interruption in the action of the placenta. It is solely 
because of the calling into operation of the principle I 
have been here enforcing. Through the contact of the 
cold air, or other causes, the inspiratory muscles make 
their firsf contraction and distend the lungs. At that 
instant, the commencing arterialization produces a press- 
ure, in the manner I have explained, of the venous upon 
the now arterialized blood in the vessels of the pulmo- 
nary cells. There is no other possible issue to such an 
action than an instant drain upon the heart. The pul- 
monary or less circulation sets in with full vigor. The 

Mention some of the facts that this doctrine will explain. De- 
scribe particularly the change in the circulation at the first breath. 
How is that change to be explained ? 
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blood is not driven by the heart to the lungs, but drain- 
ed by the lungs from the heart. If it were the heart's 
action that occasioned this sudden increase of force, be- 
cause of the strain thrown upon it through the shutting 
off of the influence of the placenta, it is inconceivable 
why the current should not continue to move through 
the great avenues already open to it from the right to 
the left auricle through the foramen ovale, and from the 
right ventricle into the aorta through the ductus arteri- 
osus. The arrest of its motion through these channels 
distinctly establishes that the seat of the new action is 
in the lungs, and the final closure of the foramen and 
shriveling of the duct confirm the correctness of this 
conclusion. 

A doctrine which accounts with simplicity for such a 
long list of miscellaneous facts commends itself to our 
attention at once. There are, however, considerations 
of a still weightier character, compelling us to adopt it. 
The affinity between the blood and the parts it is brought 
in contact with is ^ chemical fact beyond contradiction. 
The pressures and motions I have been speaking of fol- 
low as the inevitable consequences of that affinity. We 
can not, therefore, gainsay their existence in the living 
mechanism, and the only doubt we can entertain is as to 
whether they are of competent power tp produce all the 
effects before us. But after what has been already said 
respecting the energy of endosmotic movements dis- 
played against pressures of many atmospheres, we may 
abandon those doubts ; and since we have here a force 
of universality enough, and intensity enough, and in ev- 
ery instance acting in the right direction, it would be 
unphilosophical to look farther, since such a forcfe must^ 
under these conditions, exist in the physical necessity 
of the case. 



Is the energy of the force in the capillaries suflBcient to account 
for the circulation ? 
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CHAPTER IX. 

OF RESPIRATION. 

Respiration introduces and removes aerial Substances. 
— Physical and Chemical Conditions of Hespiration. 
— Interstitial Movements of Gases. — Condition of 
.Egruilibrium in the Diffusion of Gases. — Condensing 
Action of Membranes, — Forms of Re&piralory Mech- 
anism. — Th^ Jjungs of Man. — Three Stages th the 
Introduction of Air : Atmospheric Pressure^ Diffor 
sion of Gases^ and Condensation by Membranes. — 
Variations in the expired Air. — JEffect of irrespirable 
Gases.-^Nervous Infhjience concerned in Re^iration. 
— Results of Respiration. 

Since it is essentially necessary to the life of all ani- 
mals that the blood should pass to every part of the sys- 
tem, provision must be made for securing aeration. The 
breathing apparatus is the skin, or some extension, re- 
flection, or modification of it. 

Besides the great duty of originating the circulation, 
respiration is connected with others of equal importance. 
The functional activity of the nervoas and muscular tis- 
sues is dependent on their oxidation, and this implies 
the introduction of air. In each animal tribe, moreover, 
it is necessary to keep the temperature up to a specific 
point. This also is accomplished by oxidation, either of 
the digintegrating material passing to waste, or of com- 
bustible substances, such as sugar or fat. 

All organic material, at its death, eventually gives 
origin, under the action of the air, to two products with 
which the function of respiration is mainly concern^. 
These products are carbonic acid and water. With the 
exception of gelatin, the other respiratory elements of 
food — ^fat, sugar, starch, etc., yield these two products 
alone. The nutritive elements give rise to nitrogenized 

What is the object of the breathing apparatus ? On what does the 
action of the nerves and mnscles depend ? With what prodacts of 
decay is respiration concerned ? What prodacts do the respiratory 
and nutritive food elements give rise to? 
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compoandsin addition. The conditions, of life are such 
that carbonic acid can not be pern^tted to accumulate 
in the system, and means have therefore to be resorted 
to for its removal. The introduction of oxygen and ex- 
cretion of carbonic acid are accomplished by the same 
mechanism, the lungs. ^ . ^ 

Under its simplest condition, respiration consists in 
the passing of carbonic acid with the vapor of water 
from the system, and the reception of oxygen in ex- 
change. The construction of the apparatus accomplish- 
ing this double duty in atmospheric animals is such that 
it can deal with substances in the aerial state alone. 
Nothing can be introduced through the lungs or escape 
therefrom except it be in the gaseous or vaporous form. 
All those products of disorganization not presented un- 
der this condition must therefore be removed by other 
organs, and this is more particularly done by the kidneys. 

Kespiration, like circulation, furnishes us with a signal 
instance of the employment of purely physical principles 
for the accomplishment of physiological purposes. It 
is with the pressure of the atmosphere, the diffusion of 
gases, and the condensing- action of membranes that we 
have now to deal. These give us so precise and per- 
spicuous an explanation of the act of breathing that it is 
needless to look beyond them ; yet on that act depend 
the highest operations of life. 

Of the physical principles now to be dealt with, it is 
unnecessary to say any thing respecting the pressure of 
the atmosphere, since that is well understood ; but not 
so with the phenomena of the diffusion of gases, and the 
condensing action of membranes. 

If a light gas be placed above a heavy gas in a suit- 
able apparatus, the former, notwithstanding its levity, 
will descend, and the latter, notwithstanding its weight, 
will rise, and a complete and uniform intermixture will 
result. 

Thus, if a vial filled with hydrogen be placed with its 
mouth downward over the mouth of a vial of the same 
size containing carbonic acid gas, as shown at A, o, Mg, 
64 (page 136), in the course of a few moments the dif- 
fusion will be complete, and if the mixture in either vial 

With what class of substances is respiration connected ? How 
may the free di£fusion of gases be illustrated ? 
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FV17. N. l>e examined, it will be found to contain eqnal 
quantities of the gases. 

Perhaps the moat satisfactory method of 
illustrating the passage of gases through bar- 
' riers is by taking a porous earthenware cyHn- 
der, a a, Fig. 55, drying it perfectly, and ce- 
menting into its mouth an open glass tube, 6, 
three quarters of an inch in diameter, and a 
foot or more long. A wide-mouthed bottle, 
c c, being placed as a temporary cover over 
the porous cylinder, it may be filled with hy- 
drogen gas by displacement ; and if the end 
of the glass tube be put into water contained 
' in a reservoir, d, the water will rush up the 
moment the bottle is removed. When this 
motion is completed, if a jar of hydrogen be 
, held over the cylinder, the water will be driv- 
■ en down with great rapidity, pig.w. 
goees. and a number of air-bubbles 
qnickly escape. The extraordinary speed 
with which a gas will flow in and out of 
pores could not be better displayed. ' This 
rapidity of motion is an element with 
which the physiologist has to deal, as we 
shall presently find. 

Even when the texture of the substance 
is mncb closer, and the pores of extreme 
minuteness, similar results can be obtain- 
ed, as was shown in the experiments of 
Dr. Mitchell, of Philadelphia, who em- 
ployed thin sheets of India-rubber. If, 
over the month of a glass bottle, such a 
thin tissue be tightly tied, and the bottle 
pl.iced in an' atmosphere of carbonic acid 
gns, movement at once takes place,^a little 
air flowing out of the bottle into the car- 
bonic acid, and so large a quantity of the 
acid passing the opposite way that the In- 
dia-rubber soon swells outward, and event- Diffini.in tmouaii 
ually caps the bottle like a dome, as in esjitenmre. 
Fig.?iQ,a.% b. Or, if the conditions be reversed, the bot- 
□ pass through poiotis barriers? 
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tie being filled with carbonic ^if- ■>*■ 

add, and then exposed to the 

atmosphere, the India-mbber 

will be depressed, as at cr, 

and stretch, so as almost to 

dnk to the bottom. Such 

experiments therefore prove 

that, even though barriers of ' 

a very dose texture should 

intervene, gases will pass 

through them, and with so 

much force, as Dr. Mitchell 

showed, that many inches of uau^on itrmgh indu-rubUM. 

mercury might be liiied; nor 

does the movement cease until the gases on both sides 

of the membrane have the same composiUon. 

Other substances having a close texture may be thus 
readily permeated. I found that a little bladder of shel- 
lac, blown on the end of a glass tube, permitted the pas- 
sage of the vapor arising from water of ammonia. The 
instantaneousnessofthesemo- ^^ 

tions is, however, most beauti- 
fully illustrated by employing 
soap-bubbles, the liquid nature 
of which esclndes tne idea of 
pores in the strict acceptation 
of that term. If a bottle, a a. 
Fig. 57, be rinsed out with 
ammonia, and then, by means 
of a piece of glass tube, h b, ' 
a soap-bubble, c, be blown 
therein, the air from the bub- 
ble being immediately drawn 

into the month without a mo- 

ment's delay, the strong taste """"'^JJIijh'uJS^'^**^ 
of the ammonia is perceived. 

Or if a rod, dipped in hydrochloric acid, be presented 
to the projecting end of the glass tube, copious white 
fumes arise. This therefore shows that vapors will pass 
through barriers having no proper pores, the transit 
taking place instantaneously. 

Against what amount offeree can such dilFiisions take place? De- 
■cribe the illtuCration, Fig. ST. How may it be proved that amao- 
nia instantlj passes throucb the soap-babble? 
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Soap films eDal>le iia to demonstrate the endosmosis 
of gases in a very advantageous manner, owing to their 
cohesiveness and thinness. K the finger be dipped in 
soap-water, and then rapidly passed over the mouth of 
an empty bottle, so as to leave a horizontal film attached 
across, on exposing the bottle to carbonic acid gas, the 
horizontality of the film is immediately disturbed, and 
it soon swells up into an almost spherical dome. Or if 
the bottle be filled with carbonic acid, and then exposed 
to the air, the film is promptly depressed into a deep 
concavity, and bursts. By these methods the passage 
of all kinds of vapors and gases may be demonstrated, 
oxygen, hydrogen, carbonic acid, protoxide of nitrogen, 
the vapors of peppermint, lavender, and various essen- 
tial oils. 

By many experiments on such difierent substances, I 
found that the law of equilibrium for gases and vapors 
is the same as for liquids. No matter what the thick- 
ness or thinness of a porous barrier may be, movement 
takes place through it, until the media on its opposite 
sides have the same chemical composition. The ob- 
served action, in particular cases, will therefore altogeth- 
er depend on the circumstances under which the exper- 
iment is made. A soap-bubble full of carbonic acid, ex- 
posed to the air in a closed bottle, collapses only to a 
^ certain extent when the percentage constitution of the 
air it contains is the same as that of the air ii/ the bot- 
tle, contaminated with the carbonic acid the bubble has 
yielded it. But if the bubble be exposed to the free at- 
mosphere, it collapses almost completely, for now the 
carbonic acid escapes finally away. 

One of the most interesting facts connected with these 
results is the perfect manner in which a film of excessive 
tenuity will discharge these mechanical functions. With 
' a little care, a film may be obtained so thin as to be in- 
visible except in certain lights, when it presents a vel- 
vety black aspect. In this condition, as Newton has 
proved, it is not thicker than three eighths of a millionth 
of an inch, yet endosmosis takes place perfectly through 
it : it expands and collapses, rises up into a dome, or is 

What is the law of equilibrium in these cases ? Why does a soap- 
bubble containing carbonic acid collapse almost completely in air ? 
How do films of extreme thinness act? 
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depressed into a concavity, as the circumstances of its 
exposure may be. And this should prepare us to admit 
that in organic tissues of the utmost degree of tenuity 
these physical phenomena may occur, and that even un- 
der these most unlikely circumstances such tissues may 
give origin to mechanical forces of the greatest intensi- 
ty, as we shall now prove. 

The law of the diffusion of gases has but- a very lim- 
ited physiological application. The introduction of it 
in cases to which it does not properly apply has led to 
several errors. There is nothing common in the result 
of the movement of gases exposed freely to one another, 
and exposed with the intervention of a close-pored tis- 
sue. The tissue itself gives origin to mechanical force 
of such intensity as not only to modify the diffusion rate, 
but, in a great many of the most important cases, abso- 
lutely to invert the direction of tne motion.- Thus, • 
through a mass of stucco, in which the pores are of sen- 
sible size, atmospheric air passes more rapidly to carbon- 
ic acid than carbonic acid does to it, but through the 
thinnest film of water the reverse takes place. A bub- 
ble full of that acid, exposed to the air, lets it escape 
with so much rapidity that in a few moments a complete 
collapse has occurred. If the law of diffusion here held 
good, the bubble should rapidly distend. 

Moist membranes and films of water, by reason of . 
their chemical afiinity for gaseous substances, and their 
consequent condensing action, become the origin of 
great mechanical power. Under such conditions, I 
have shown that carbonic acid passes into atmospheric 
air, driven, as it were, by the action of the membrane 
against a pressure of ten atmospheres, and sulphureted 
hydrogen against a pressure of twenty-five atmospheres, 
and, even against these great resistances, the passage is 
accomplished with so much promptness as to lead to * 
the inference that a membrane will cause one gas to dif- 
fuse into another, even though the apparent resistance 
be indefinitely great. 

In Fig, 68 (page 140) is given a representation of the 
arrangement by which these results were obtained. It 
consists of a strong glass tube, seven inches or more in 

Does the law of diffusion applj in these cases ? Against what 
amoant of resistance has the diffosion of gases been witnessed ? 
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Piff- !»' length and half aa inch in diameter, hermetic- 
ally closed at one end, through which a pair 
' of platinum wires, b, c, pass into the interior 
of the tube parallel, but not touching. The 
other end, a a, has a lip or rim turned on it. 
Between the platinum wires, a gauge-tube, d, 
18 dropped, to show the amount of condensa- 
tion. On the top of the gauge-tube a small 
test-tube, y, is placed, to contain a reagent 
suited to ^e gas under trial, as lime-water for 
carbonic acid, acetate of lead for aulphureted 
hydrogen, litmus water for sulphurous acid. 
Sometimes, instead of this testtabe, a piece 
of paper, soaked in the proper reagent, was 
employed. The large tube was then filled 
with water to the height e e. Its lip or rim, 
a a, being next smeared with burnt India-rub- 
ber, to insure absolute freedom from leakage, 
a thin sheet of India-rubber was tied tightly 
over it, and over this again, to give strength, 
a very stout piece of silk. Every thing being 
%'iS.itoi? thus arranged,' the projecting wires, b, c, were 
connected with a voltaic pile, decomposition 
of the water ensued, oxygen and hydrogen being disen- 
gaged, and a condensed mixture of atmospheric air and 
those gases accumulated in the space aaee, the gauge- 
tube showing the extent to which the condensation had 
gone. Now if the little tube,^, had been filled previ- 
ously with lime-water, and the whole arrangement was 
introduced into a jar of carbonic acid gas, the upper 
part of the lime-water presently became milky, and aft- 
er a time a copious precipitate of carbonate of lime sub- 
sided. This would readily take place when the gauge 
was indicating a pressure of ten atmospheres. K like 
manner, when a piece of paper imbued with carbonate 
of lead had been introduced into the tube, and a press- 
ure of 24^ atmospheres accumulated, on introducing the 
instrument into a vessel of sulphureted hydrogen, the pa- 
per quickly became brown. Sulphureted hydrogen can 
therefore pass through a sheet of India-rubber and dif- 
fuse into an atmosphere of oxygen, hydrogen, and atr- 
HoiT ia that in- 
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mospheric air beyond, though it is resisted by a prees- 
are equal to that of 800 feet of water. 

The metbod of condeDeation here employed, because 
of ItB freedom from mechanical coDcussionB, enabled me 
to continue these researches up to preasurea of 60 at- 
mospheres without leakage, in comparatively slender 
tubes, and even under these circumstances gaseous dif- 
fusion seemed to take place without any restraint. 

It would load me too far from my present object to 
pursue the consideration of these facts, and I must there- 
fore be content to refer the reader to the memoirs in 
which they have been specially discussed.* , 

Under its simplest aspect, the act of breathing con- 
sists in the elimmation of carbonic acid from the sys- 
tem, and the introduction of oxygen. The manner in 
which the respiratory snrface frees itself from the for- 
mer, and secnres new supplies of the latter, differs very 
greatly. In the lower aquatic animals currents are es- 
tablished in the water by the aid of ciliary motion, and 
by these the necessary changes are made. In others, in 
which respiration is conducted by the skin, incessant lo- 
* comotion is relied on, and again, in others, the water is 
drawn into the stomach and intestinal canal, and every 

Sart bathed with the aeratins me- 
inm. ^■'«- 

In iusects, the type of carrying air 
to the blood is developed to the ut- 
most degree, there being gi'cat num- 
bers of tracheal tubes pervading all 
'the soft parts. These occasionally 
present dilatations, acting as reser- 
voirs — the foreshadowing of the 
respiratory cavities of the higher 
tribes. Of such, JV^. 59, represent- 
ing the air-sacs or tracheal dilata- 
tions of the scolia hortorum, is an 
illustration. The tracheal tubes 
communicate with the external air Aii-aMaotinMcu. 
* American Journal of Medical ScienccB, May, 1838. 



To wbal pressures may these exaroinaEionB be couliaued? What 
is the immediate purpose of the act of respiratioD ? How is this ac- 
complished in the lower aquatic animals? What is tho Ijpe of res- 
piiatioD in iuaecls? Describe the illuBtrations in f^s. 5S, GO. 
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throngh openings which may be obstructed by a valv- 
nlar arrangemeDt, as represented in Fig. 60. The pho- 



tograph fro± which this figure was taken shows such a 
apiraole magnified 75 diameters. These organs may be • 
seen arranged in rows on each side of the body, as in 
the common caterpillar. The mode of guarding the or- 
ifice varies in different cases, sometimes tufts of hair be- 
ingresorted to, and sometimes, as in the figure, valves. 
The true lung is first recognized in the swimming 
bladder of fishes as a simple sac. In the carp, the tend- 
ency to a multi-chambered construction already ap- 
pears under the form of two such bladders, a, b, com-_ 



municating with each other through a narrow tube. 

These are connected with the (Bsophagus, o, by means 

of the pipe c, d, the fish being thus enabled to remove 

Under what circnmsUncea does the trne laug first appear ? 
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at pleasure a part of the air contained in the sacs by 
muscular compression. Though this mechanism is a 
rudimentary lung, it does not properly subserve the 
duty of such an organ, but is employed for producing 
variations in the specific gravity of the animal by intro- 
duction or removal of air. In these tribes the gills are 
the mechanism for aeration. It is accomplished in the 
following manner : Jhe mouth is periodically filled with 
water, v^hich* is driven past the gills by muscular com- 
pression, and thereby the carbonic acid is removed from 
the blood circulating in those organs, and oxygen is ob- 
tained in return. For this reason, a fish dies very quick- 
ly when its mouth is kept open. The angler knows that 
it is not owing to any loss of blood, nor to any injurious 
lesion that the hook may cause, but simply to sufibc^ 
tion, the water no longer lifting the gill covers, but mere- 
ly passing out through the open mouth. 

The experiments of Humboldt and Proven9al clearly 
demonstrate the analogy between aquatic and aerial res- 
pirations ; for water is not decomposed by the breathing 
of fishes : it is the air dissolved in it that is used. In the 
sample examined by these chemists, there was 20.3 per 
cent, of its volume of air, consisting of oxygen 29.8, ni- 
trogen 66.2, and carbonic acid 4.0, in the hundred parts. 
After the fishes had remained in it for a due time, it still 
contained 17.6 per cent, of its volume of air, but this in 
100 parts now consisted of oxygen 2.3, nitrogen 63.9, 
and carbonic acid 33.8. There had therefore been a 
consumption of oxygen and evolution of carbonic acid, 
together with a slight removal of nitrogen, this being 
the general result witnessed in aerial respiration. In a 
similar course of experiments on the breathing of gold 
fishes, made by myself, the result corresponds to the pre- 
ceding statement, only the water I used was richer in 
oxygen gas, and the transposition into carbonic acid did 
not seem by any means to be so complete. I also re- 
marked the same diminution in the quantity of nitrogen, 
but am disposed to attribute it not so much to the con- 
sumption of that gas by the fishes as to its diffusion from 

What function does the swimming bladder of fishes discharge ? 
How is the respiration of fishes carried on ? Why is it that a fish 
dies so qaickly on the hook? What is the constitution of the air 
contained in water? 
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^- ■'- the water into the atmosphere, tbe solvent 
power having changed by the snbstittition 
of carboDio add for oxygen. 

In reptiles the long presents the saolike 
form, as in Mg. 62, a puhnonary artery 
passing on one side, and a pulmonary vein 
returning on the other : a is the trachea ; 
b, its bifurcation ; c, pulmonary artery; d 
d, pulmonary vein. It oftefl occurs that 
. the two lungs are not equally developed, 
one of them, B, being rudmientary as com- 
pared with the other, A. Into such a sac 
' in serpents. tbe wr is forced by muscular 
contraction, a kind of swallowing. It is 
expelled from them by the contraction of 
the abdominal muscles, and hence the hiss- 
ing sound emitted during its expulsion. 
From tbe simple sac to the cellular lung 
the advance is made by degrees, a devel- 
opment of parietal cells upon the inner sur- 
face taking place. At tbe intermediate 
stage between the simple sac and the highly 
subdivided res- j^ ^ 

piratory organ 
of the mammals, 
the condition of 
.things is well il- 
lustrated by tbe 
lungs of the frog. 
hmg aTieptne. In ^ff. 63, a IS 
the byoid appa- 
ratus ; b, cartila^nous ring at 
the root of the lungs ; c, the 
pulmonary vessels ; and d d, I 
the pulmonary sacs. 

Of all tribes, the respiratory 
mechanism is most highly de- 
veloped in birds, which, besides 
being provided with lungs, Lung.ot£r«. 

have air-sacs between the muscles, and respiratory mem- 
branes spi-ead on the interior of the hollow bones. It 
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is in consequence of this that a bird is killed so readily, 
even by a very small shot, since it is scarcely possible to 
make a perforation into any part of the body without 
opening the respiratory cavity. 

In man, the bronchial tube, as it passes into each lung, 
branches forth like a tree, the walls of the tubelets thus 
arising having cartilaginous rings to preserve their form 
under compression, circular organic muscular fibres to 
enable them to contract, and longitudinal fasces of elas- 
tic tissue to shorten them after extension. In their in- 
terior they are covered with mucous membrane provid- 
ed with cilia. When the proper degree of minuteness, 
about T^ of an inch, is reached, they consist alone of 
elastic membrane, interspersed with muscular fibres, and 
upon their sides the air-cells open; sometimes single 
ones, or sometimes many cells communicating with one 
another, dis"charge through the same orifice, the tubelet 
' itself ending in a cell. The air-cells have various dimen- 
sions, from -^ to xuVo" ^^ ^^ inch. Their structure is 
like that of the tubelet. The pulmonary capillaries are 
spread so closely upon them that the spaces between 
tLm are less than tLir own aiameter, wlbich, on an av- 
erage, is -gTnnj- of an inch. As the cells are close togeth- 
er, the blood-vessels passing between them are brought 
in communication with the air on both sides, and arte- 
rialization is thus rapidly and completely performed. 
Each tubelet, with the air-cells thus clustered upon it, 
is a miniature representation of the lung of a reptile. 
The cells themselves communicate by lateral apertures 
with one another. The membrane lining their interior 
is sharply folded at the apertures, and there are reasons 
for supposing that it contains organic muscular fibres. 
It is stated that each terminal bronchus has nearly 
20,000 air-cells clustered upon it, and that the total 
number is 600 millions. 

The mode of distribution of the air-tubes is represented 
in ^ig, 64 (page 146). a is the larynx ; b 6, the trachea, 
the upper letter corresponding to the cricoid cartilage ; c, 
the left bronchus ; c?, the right bronchus ; e, j^, ^, its ram- 

What is the reason birds are so easily killed by a small shot ? De- 
scribe the human lung. What is the size of the air^ells ? How are 
the blood-vessels arranged between them ? What is the estimated 
number of air-cells ? 

G 
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ifioations id tbe right 
\aag,Jj,- h, i, rami- 
fications of the left 
bronchus in the teft 
lung, k k. 

Mg. 65, arrange- 
ment, of the heart 
and Inngs, the latter 
in part section. 1, 
left auricle of the 
heart ; 2, right auri- 
cle; 3, left ventricle ; 
4, right ventricle; 5, 

I pulmonary artery ; 

I 6, aorta; 7, snpenor 
venacava; 8,innoni- 
inata; 9, left primi- 
tive carotid; 10, left 
Hmuin •ii'MtH, Bobclavian ; 11, 12, 

mper ring, of ti» 
ohea and cartilages 
of the larynx; 13, 
upper lobe of right 
lung; 14, upper lobe 
of left lung ; 15, the 
right pulmonary ar- 
tery; 16, 16, lower 
lobes of lungs. 

J^g. 66 illustrates 
the manuer of die- 
tribution of blood- 
vessels on the (ur- 
cells of the lungs. 

By the aid of this 
elaborately con- 
structed mechanism 
the air is brought 
to the blood. There 
TiiB hurt iBd imig). are three distinct 

stages through 
which it has to pass. The first is the filling of the tra- 
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ohea and larger *VM- 

ramificationB of the 
broDchial tnbes: 
this is accompliBb- 
ed by atmospheric 
preasiire, brought 
mto play by mus- 
cular contraction. 
The second stage is 
the translation of 
the fresh air from 
the larger bronchial 
tubes to the ulti- 
mate air-cells : thia 
is accomplished on 
the principle of gaseooa diffusion. The third stage is 
the passage from the air-cells into the blood ; this is 
through the wall of the cell, the wall of the blood-vee- 
sel, and the sac of the blood-disc ; it involves passage 
through membranes, and implies their condensing ac- 
tion. Eaoh of these three etag^e we have now to con- 
sider. 

lat.The introduction of fresh air into the trachea and 
larger ramifications of the bronchial tubea is accomplish- 
ed by muscular contraction, calling into operation atmos- 
pheric preSBure. In tranquil respiration the diaphragm 
is nearly sufficient for this purpose. This muscle,- form- 
ing the convex floor of the chest, as soon as it contracts, 
assumes more nearly a plane fignre, thereby increasing 
the content of that cavity; and, jnst as in a common 
bellows, when the lower board is depressed, the air flows 
in through the pipe, so, on the descent of the diaphragm, 
the air flows in through the trachea, forced by the ex- 
ternal pressure. 

An experimental illustration of the manner in which the 
air is introduced into the cavity of the lungs by the de- 
Boent of the floor of the cheat, and then expelled by its ele- 
vation, is r^resented ini^^. 67 (p. 148). a a is a tube 
of glass halfan inch or more in diameter, and six or eight 
inches long ; to the lower end of it a bladder, i, is ti^t- 
ly attached. The tube is passed through the neck of a . 
What b the mode of action of tha dia- 



148 MOTEUENre 07 ES8PIBATI0N. 

Fig. 81. bell-jar, c c, air tight. A large 

glass reeervoir of wat«r, filled 
to the height d d, receives the 
bell-jar, as showu in the figure. 
When the jar is depressed in 
the water the ur ig expelled 
from the bladder, and when 
the jar is raised the air fiowe i 
in. By alternately elevating 
' and depressing the bell, the 
bladder executes movements 
like thoBe of the lungs, of 
which, indeed, it is a repre- 
' sentation ; the glass tube be- 
ing.the trachea, the bell-jar the 
walls of the chest, and the ris- 
ing and faUing water-level the 
rising and falling diaphragm. 
In this illustration the bladder 
is, of course, perfectly passive, 
as was at one time supposed 
to be the case with the lungs: 
an erroneous opiuion, present- 
ly to be corrected. 
Id the mature period of life, and especially in deep 
respiration, the action of the diaphragm is insufficient 
for tbo introduction of air, and a still farther volume is 
obtiuned by raising the ribs, which increases the dimen- 
sions of the chest from right to left, and also from front 
to back. In men, this effect takes place more particu- 
larly through the movements of the lower ribs, and this 
form of respiration is therefore sometimes called the in- 
ferior-coatal ; but in women the upper ribs are more 
movable, the dilatation of the chest is there greater, and 
the respiration therefore designated as the superior-cos- 
tal. In these movements of the ribs, and especially in 
violent respiration, many muBcles are involved. 

In the reverse act, that is, in expiration, or the expul- 
sion of air through the trachea, the floor of the chest is 
raised. The diaphragm, when it contracted, made press- 

Whal does Fiff. G7 illaairate ? In deep reapiration, what more is 
done J What difference is there between Ibe respiration of men and 
nonien? How is theeipnlsion of the air accornpliahed ? 
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nre upon the viscera of the abdomen, and forced the 
muscular walls* of that cavity outward ; but, as soon as 
the diaphragm relaxes, the abdominal muscles contract, 
and thus an antagonizing force is originated tending to 
expel the air. In this the elasticity of the lungs and of 
the walls of the thorax itself affords a great assistance. 
Owing to this elasticity, the muscular exertion required 
for the introduction of the air greatly exceeds that re- 
quired for its expulsion. 

In tranquil respiration, we may regard the changing 
of the air to be accomplished by the alternate depres- 
sion and elevation of the diapnragmatic floor of the 
chest. On an average, this takes place 17 times in a 
minute, and in an adult of the standard size we may as- 
sume that 17 cubic inches of air are introduced at each 
inspiration. One breath in Ave is usually deeper than 
the other four. The statement often made, that five 
pulsations correspond to one respiration, must be re- 
ceived with a certain restriction. In pneumonia, the 
respirations may be to the pulsations as 1 to 2 ; in ty- 
phoid fever, as 1 to 8 ; and even in a state of health 
there may be considerable variations. 

By muscular movements, thus calling into action at- 
mospheric pressure, the air is drawn, but not forced, into 
the respiratory apparatus. Considering, however, ttie 
contents of the lungs, which can not be taken at less than 
200 cubic inches, it is clear that the amount is not more 
than sufficient to fill the nasal passages, the trachea, and 
the larger ramifications of the bronchial tubes. Lying 
nearest to the outlet, it would be the first to be expelled 
by the act of expiration. There could be no exchange 
of the fresh for the foul air unless some additional means 
were employed for accomplishing its transference from 
the larger ramifications of the bronchial tubes to the re- 
motest air-cells. 

2d. The transference of fresh air to the cells is accom- 
plished by resorting to two different principles, the dif- 
fusion of free gases into one another, and muscular con- 
traction. 

An estimate of the relative share taken by each of 

How does the elasticitj of the langs operate ? What is the nam-, 
her of respirations in a minute ? How many cnbic inches of air are 
received ? 
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these is arriyed at by an examination of the absolute ve- 
locity with which gases diffuse into one another. The 
statement that gases act as yacna to each other has led 
to some very erroneous conclusions. It has been taken 
for granted that the actual diffusion is very rapid, per- 
haps approaching to the velocity of gases rushmg mto 
a void. But I have shown* that this is altogether a 
misconception, and that the transit of fresh air from the 
bronchi, exchanging with foul air from the cells, if con- 
ducted on that principle alone, would require a period 
greatly beyond the time occupied for one respiratory 
act, about three seconds and a half. 

To an additional agent we must therefore look for a 
complete explanation, and this, I think, is presented in 
the circular organic fibres of the bronchial tubes and 
cells. It has long been understood that these possess 
thepower of varying the capacity of the tubes. 

With this agency in view, this second stage of the 
process is accomplished as follows : The carbonic acid, 
vapor of water, and excess of nitrogen, if any, that have 
accumulated in the cells belonging to any given bron- 
chial tree, are expelled therefrom by the muscular con- 
traction of the circular organic fibres, and are delivered 
into the larger bronchial tubes, in which diffusion at 
once takes place with the air just introduced. As soon 
as the expiration is completed, relaxation of the muscu- 
lar fibres occurs, and the passages and cells dilating, 
both through their own elasticity and the exhaustive 
effect arising from the simultaneous contraction of other 
bronchial trees, fresh air is drawn into them, the alter- 
nate expulsion and introduction being accomplished by 
muscular contraction and elasticity, the different bron- 
chial trees coming into action at different periods pf 
time, some being contracting while others are dilat- 
ing. 

3d. The third stage is the passage of oxygen from the 
cells to the blood : it is through the wall of the cell, the 
wall of the blood-vessel, and the sac of the blood-disc. 
The carbonic acid issues from the plasma, and passes 

* American Journal of Med. Sciences, April, 1852. 

At what rate does respiratory diffusion take place ? What is the 
action of the muscle fibres of the lungs ? Explain the third stage of 
respiration. 
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through the wall of the blood-vessel and the wall of the 
cell. 

Many physiologists have supposed that this exchange 
of oxygen K)r carbonic acid takes place on the principle 
of diffusion. On the authority oi Valentin and Brun- 
ner, it has been asserted that the proportional exchange 
actually observed is 1174 of oxygen lor 1000 of carbon- 
ic acid, these being the theoretical quantities under the 
law of diffusion ; but there is no difficulty in proving 
that this is a physical impossibility, for the exchange is 
not merely that of oxygen and carbonic acid ; it is much 
more complicated. The lungs regulate the quantity of 
free nitrogen- in the system, and there is a constant es- 
cape of the vapor of water. These bodies, moreover, 
are not presented in the gaseous state, but in that of 
liquid solution, and the wall of the cell, of the pulmo- 
nary capillary, and of the blood-disc, by their condensing 
action, totally disturb the conditions of diffusion. * 

EXPLANATION OF RESPIBATION. 

The act of respiration in man is therefore accomplish- 
ed in the following way. The air, introduced by atmos- 
pheric pressure, brought into, play by the action of the 
diaphragm and other respiratory muscles, fills the nasal 
passages, the trachea, and larger ramifications of the 
bronchial tubes. Between it and the gas coming from 
the pulmonary vesicles, diffusion steadily takes place, 
tending to remove the cell gas into the atmosphere; 
but this gas is not brought from the vesicles by diffu- 
sion alone, which could not act with sufficient speed, 
but by the contraction of the circular organic muscles 
of the bronchial tubelets .and of the cells, the different 
bronchial trees not acting simultaneously, but success- 
ively. As soon as contraction is over, the tubes expand 
by their elasticity, and the air is drawn into the cells, 
each bronchial tree, by its contraction, aiding the expan- 
sion of the adjacent ones. The lungs are therefore not 
altogether passive during respiration, as is sometimes 
said. The exchange between the gas in the cells and 
that in the blood does not take place through simple 
diffusion, or in quantities proportional to the diffusion 

Does the principle of simple diffusion here apply ? Give a gener- 
al explanation of the respiratory process. 
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volames of oxygen and carbonic acid. It is a complex 
diffusion, disturbances arising from the gases in the 
blood being either dissolved or combined. The process 
ends by the expulsion of the foul air accumulated in the 
larger bronchi and trachea, by the diminution which 
takes place in the capacity of the chest during expira- 
tion, occasioned by the contraction of the expiratory 
muscles, the elasticity of the walls of the chest, and of 
the lungs themselves.. 

Such is the arrangement by which fresh air is con- 
stantly presented to the blood, and the gases and vapors 
exhaling from it are removed. The degree of exhaus- 
tion occurring in the chest scarcely justifies the expres- 
sion sometimes used, ^' a tendency to a vacuum," since 
it is rarely more than competent to raise water a single 
inch. This may be readily proved by dipping a glass 
tube, open at both ends, and half an inch in diameter, 
into a cup of water, and placing the projecting extrem- 
ity between the lip&, taking care to keep the muscles of 
the mouth at complete rest. It will then be seen that 
at each inspiration the water rises about an inch, and at 
each expiration is depressed to a similar extent. Its 
movements indicate the degree of rarefaction or com- 
pression occurring in the chest. 

The diurnal amount of 'air introduced into the lungs 
has been variously estimated from 226 to 399 cubic feet. 
A part, from 4 to 6 per cent., of the oxygen thus intro- 
duced disappears in the lungs, and the expired air is 
charged with from 3 to 6 per cent, of carbonic acid. 
But that nothing analogous to combustion occurs in 
those organs is proved by their temperature, which is 
not higher than tnat of other p&rts of the system. More- 
over, carbonic acid can be withdrawn from venous blood 
in a Toricellian vacuum, and still better by agitating the 
blood with such gases as hydrogen and nitrogen, prov- 
ing that the gas pre-exists in the venous blood before 
its entry into the lungs, and is not formed in those or- 
gans, unless, indeed, it existp as a bicarbonate, as already 
mentioned. The quantity of carbonic acid thus disen- 

What is the actaal amoant of rarefaction in the Inngs? How- 
may it be measured ? What is the diurnal amount of air intro- 
duced ? How is it known that nothing like combustion occurs in 
respiration ? 
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gaged is less than the quantity of oxygen absorbed, be- 
cause much of the latter is consumed m the production 
of sulphuric and phosphoric acids, which escape in the 
urinary secretion, as indeed does a large quantity of car- 
bonic acid itself. 

With respect to the ratio between the quantity of 
oxygen inspired and that contained in the expired car- 
bonic acid, a variation will be observed, depending on 
many conditions, as, for example, on the nature of the 
food. 

For the perfect oxidation of the different elements of 
food, very different quantities of oxygen are required ; 
thus, for the oxidation of 100 parts of fat, it would re- 
quire 292.14 of oxygen; for that of starch, 118.52 ; for 
that of muscle, 147.04. 

For reasons to be considered when we treat of the 
production of heat, the quantity of carbonic acid disen- 
gaged varies with external circumstances. When the 
weather is cold it is greater than when it is warm. 
Thus at 68° there is twice as much liberated as at 106°. 
It increases during exercise and after eating, but dimin- 
ishes during sleep. More is set free by men than by 
women ; it also varies with age, the proportion rising 
from eight years to thirty, remaining stationary to forty, 
and then declining. It changes with the frequency of 
the respirations. The total quantity of carbon daily re- 
moved by respiration may be estimated at eight ounces. 

Besides the carbonic acid removed, a large quantity 
of water is excreted by the lungs, for the expired air 
may be regarded as saturated, or containing the maxi- 
mum quantity of water for 94°. For the vaporization 
of this water much heat is consumed, as is likewise the 
case for the warming of the introduced air, which, no 
matter what the external temperature may have been, 
is brought to that of the lungs. 

With respect to the absolute amount of air expired, 
and also the quantity of water removed by the lungs, 
some experiments have been made by my son. Dr. J. C. 

Why is the quantity of carbonic acid less than that of oxygen, in 
volume ? What amount of oxygen is required in the case of fat, 
I starch, and muscle, if used as food ? What circumstances control 
the amount of oxygen disengaged ? How much carbon is daily re- 
moved ? 

G2 
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Draper ; the principle upon which they were conducted 
may be thus briefly stated. The air from the lungs, 
which has a dew-point of 94°, was passed bv a wide 
tube through a metallic condenser kept at 32 , care be- 
ing taken to have as little obstruction as possible to its 
egress. The weight of the water collected in the con- 
denser furnished the means of calculating, by a simple 
formula, the quantity of air expired, for the vapor, leav- 
ing the respiratory passages at 94% and that leaving the 
condenser at 32°, were at their maximum densities. 
Computations executed upon data obtained on this prin- 
ciple furnish the following, among other interesting re- 

smts: t_ • J 

1. On making sixteen respirations m the mmute, and 
continuing the experiment for twenty minutes, the av- 
erage of five different series, of experiments gives 622 
cubic inches of air expired each minute. 

2. On making six respirations in a minute, and contin- 
uing the trial for twenty minutes, the average of three 
series of experiments gives 511 cubic inches for the air 
expired each minute. 

3. On making thirty-three respirations in a minute, 
and continuing the experiment for twenty minutes, the 
average amount of air is 1077 cubic inches for the air 
expired in each minute. 

On comparing these three statements, it appears that, 
the first representing normal, the second very slow, the 
third very quick respiration, the absolute amount of air 
removed from the lungs is directly proportional to the 
number of respiratory acts in a given period of time, 
and this notwithstanding such variations in the depth 
of the inspirations as under such circumstances are lO^e- 
ly to occur. • 

With respect to the quantity of water removed from 
the lungs, he also shows, 

4. That, at an atmospheric temperature of 55°, the 
dew-point being 49°, the number of expirations sixteen 
per minute, the quantity of water removed per minute 
IS 4.416 grains. 

Give an account of the experimental results related in sections 1, 
2, 8. What j^ the effect in normal, slow, and qnick respiration ? 
What is the quantity of water exhaled per minute, as shown in sec> 
tion4? 
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6. The Other conditions remaining the same, but the 
respirations reduced to six per minute, the amount of 
water removed per minute is 3.686 grains. 

6. The other conditions remaining as before, but the 
number of respirations increased to thirty-three per 
minute, the amount of water removed per minute is 
7.660 grains. 

From these statements it therefore appears that the 
quantity of water removed from the blood by respira- 
tion increases with the frequency of the respiratory acts, 
and this notwithstanding variations which, under such 
circumstances, must take place in their depth. Theo- 
retically, it is also obvious that the* absolute amount 
thus expired is dependent on the existing dew-point of 
the air. 

The time of exposure of the blood to the air is only 
a second or two. The color changes,^ as has been de- 
scribed before, from blue to crimson, and the tempera? 
ture rises a degree or two, as is shown by an examinar 
tion of the left cavities of the heart. The water thus 
removed is not pure, but contains animal matter in a 
state of decay. 

Though we have treated of the act of respiration as 
consisting of two separate and consecutive stages, inspi- 
ration and expiration, in reality it proceeds continuous- 
ly. At the respiratory surface, which is the wall of the 
air-cell, the passage of oxygen inward, and of carbonic 
acid and steam outward, takes place in a steady and un^ 
varying manner. 

The introduction of an irrespirable gas into the lungs, 
or the prevention of the access of the atmosphere, brings 
the circulation of the blood to a stop ; for that move- 
ment depends, as I have shown, on the aeration taking 
place in the pulmonary capillaries. In such cases there 
will be an engorgement of the right heart and vessels 
arising therefrom, but, if the stoppage has not lasted too 
long, the current may be reestablished by re-establish- 
ing the respiration. Death commonly ensues on an ex- 
clusion of the air for five minutes, and, in cases of drown- 

What is the qnantity of water exhaled per minute, as shown in 
sections 5 and 6, and how does it vary ? For what length of time is 
the hlood exposed Jx) the air ? Is respiration continuous or recipro- 
cating ? What is the effect of the introduction of irrespirahle gases ? 
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iDg, it is rare for restoration to be effected if the immer- 
sion has lasted more than four. 

In the respiration of protoxide of nitrogen, a gas 
which is an energetic supporter of combustion, and act- 
ing more powerfully on the animal system when re- 
spired than even oxygen itself, on account of its ready 
condensibility by pressure, or by membranes, and solu- 
bility in water, the circulation is greatly quickened at 
first, and a state of exhilaration ensues; but this is soon 
followed by a condition of depression, or even of coma, 
for the quantity of carbonic acid produced in the sys- 
tem is now so gf eat that the lungs are wholly inade- 
quate to effect its removal, and all the symptoms of poi- 
soning by carbonic acid come on. 

The.introduction of air into the system is, to a certain 
extent, automatic, and, to a certain extent, dependent on 
the will. In tranquil respiration we are wholly uncon- 
scious of the motion ; the exciting impression is made 
on the pneumogastric nerves, and, bemg conveyed to 
the respiratory ganglion, the medulla oblongata, is there 
so reflected that through the agency of the phrenic 
nerve motion takes place in the diaphragm. The auto- 
matic, and.therefore unconscious movement, to a certain 
extent, occurs in that way. But there is no doubt that 
the brain also participates in the function. No other 
evidence of this is required than that we can '' hold the 
breath," and the relative share that the voluntary and 
automatic mechanisms take is illustrated by the circum- 
stance that this holding of the breath can only be per- 
sisted in for a certain time, when the necessity for re- 
spiring becomes altogether uncontrollable. 

It is not, however, to be supposed that so important 
a condition as that of the introduction of the air is only 
slenderly provided for. Many other nerves, besides 
those mentioned, take part in it directly or indirectly ; 
the fifth pair, the nerves of the general surface, and also 
the great sympathetic, the intercostals, the spinal acces- 
sory, which probably gives its motor property to the 
pneumogastric. Opinion has differed respecting the 
cause which produces the necessary impression on the 

VS^at of protoxide of nitrogen or oxygen ? To what extent is the 
introdnction of air dependent on the will ? What are the neires in- 
volTed in respiration ? 
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receiving nerves, some referring it to the presence of 
venous blood in the capillaries of the lungs, and some 
to the carbonic acid in the cells. Moreover, there is 
reason to believe that the presence of an abnormal 
amount of venous blood in the respiratory ganglia will 
of itself give rise to respiratory movements through the 
proper centrifugal nerves. 

The control possessed by the will over the introduc- 
tion of air stands in a dose relation to the production 
of articulate or other sounds, and therefore to intercom- 
munication between individuals by speech. This in- 
volves not merely a general control alone, but also a 
particular one, reached by regulating the movements of 
the glottis by the agency of the superior and inferior 
laryngeal nerves. But though the will for these import- 
ant purposes exercises so marked a power of regulation, 
it is to be looked upon as superadded or incidental, and 
during sleep, coma, and that larger portion of life spent 
in total inattention to the carrying on of this function, 
it is discharged in a purely automatic way. 

The mechanism that accomplishes the surprising re- 
suits of respiration may therefore well challenge our ad- 
miration. As a self-acting or automatic contrivance, 
over which we have not a necessary control, it origin- 
ates in a single year nearly nine millions of separate mo- 
tions of breathing. It never fatigues us ; indeed, we 
are never conscious of its action. In the same time, a 
hundred thousand cubic feet of air have been introduced 
and expelled, and more than thirty-five hundred tons of 
blood have been aerated. In a future page we shall 
have to present the wonderful mechanism by which aeri- 
al currents, as they pass in and out of the respiratory 
apparatus, are incidentally employed as a means of pro- 
ducing musical notes or articulate sounds, and of thus 
establishing a relation and communication between dif- 
ferent individuals. By these the feelings and thoughts 
are diffused, and in a mechanical origin commence those 
bonds which hold society together. 

How is it that the necessary impression is made on them ? How 
are the movements of the glottis regulated ? Under what circam- 
stances is respiration purely automatic? How many respiratory 
movements are made in a year? In that time how much air has 
been used, and how much blood aerated ? 
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CHAPTER X. 

OF ANIMAL HEAT. 

Participcaion of Organic Forms in eoctemal Variations 
of Temperature, — Mechanism for counterbalancing 
these Variations. — Develcpment of Seat in Plants at 
Germination arid Inflorescence, — Connection of Res- 
piration and Seat. — Temperature of Man, — JBis 
Power of Resistance. — 2%e diurnal Variations of 
Meat. — Annual Variations of Seat. — Control over 
them by Food^ Clothing^ and Shelter. — Source of An- 
imal Seat. — Sibemation. — Starvation. — Artifldcd 
Medtiction of Temperature by Blood-letting. — Prin- 
ciples of Reduction of Temperature. — Their Balance 
with the Seating Processes. — Local Variations elimi- 
nated by the Circulation. — Control by the Nervous 
System. — Its Physical Nature, — AUotrcpism of Or- 
ganic Bodies, . 

OwrsQ to the earth's diurnal rotation on its axis, and 
its annual movement of translation round the sun in an 
orbit inclined to the equator, variations of temperature 
arise, the vicissitudes of summer and winter, day and 
night. 

In these variations all objects upon the surface of the 
planet participate ; organic forms are no exception. As 
the heat of the medium in which they live ascends or 
descends, theirs follows it at a rate dependent on their 
conductibility. 

Like mineral substances, the more lowly forms of life 
submit to these changes. They have no provision for 
check or compensation. In summer, the temperature 
of the stem of a tree rises without any restraint ; in 
winter it declines ; and, should the point be reached at 
which those nutritive changes that give motion to the 
sap cease, nothing is done to arrest the descent, and the 

Are organic forms affected by external variations of heat ? What 
is the consequence in the case of plants- during winter? 
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whole organism passes into a state of torpor, hyberna- 
tion, or temporarjr death. 

Now, since this following of atmospheric tempera- 
tures must take place in every organism as well as in 
every mineral body, the construction of one having a 
uniform mode of existence in all climates and all seasons 
' implies a resort to some subsidiary mechanism, which, 
though it may not check, may yet compiBnsate for these 
vicissitudes. Accordingly, so nearly is this equalization 
accomplished in the highly-developed tribes, and a stand- 
ard temperature so nearly attained for them, that many 
physiologists, misled by imperfect observations, have 
concluded that such living beings are emancipated by 
nature from the operation of physical laws : an errone- 
ous conclusion, for in them that action is only concealed. 

In different races, the mechanism by which these va- 
riations of atmospheric temperature are balanced acts 
with different degrees of perfection. On this a subdi- 
vision has been founded, and animals classified as the 
cold and hot blooded. We are not, however, to- attach 
much importance to such an arrangement : it is rather 
imaginary than founded on any real distinction. In 
man, the temperature is near 100°; in fishes, it is about 
that of the water in which they live. Insects, in their 
larva and pupa condition, are cold-blooded ; in their per- 
fect condition, hot. 

We have now to explain what physical principles are 
resorted to in solving the problem of maintaining an or- 
ganic form at a constant temperature in a medium the 
heat of which is variable ; and as we may reasonably 
anticipate that these principles are the same in every 
tribe of life, it will facilitate our investigations to com- 
mence with the simplest cases first. ' 

There are two periods in the life of a plant during 
which it simulates the functions of an animal in main- 
taining a temperature higher than that of the surround- 
ing air. These periods are, 1st, at the germination of 
the seed; 2d, during the functional activity of the 
flower. 

If a mass of seeds be laid together, as in the making 

What error has arisen from the perfection of compensation in the 
higher animals ? Inta what two classes are animals divided ? What 
two periods are there in the life of plants when they act like animals ? 
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of malt, the operation being conducted at a gentle tem- 
peratare, and with the access of atmospheric air, oxygen 
disappears, carbonic acid is set free, and the tempera- 
ture rises forty or fifly degrees. A process of oxidation 
must therefore have been carried into effect, and to it 
we trace the heat disengaged, for carbon can not pro- 
duce carbonic acid without a rise of temperature ensu- 
ing. The loss of weight exhibited by a seed is there- 
fore due to its loss of carbon, and the whole effect is ex- 
plained in the statement that atmospheric oxygen has 
united to a portion of carbon contained in the seed, pro- 
ducing carbonic acid gas and an evolution of heat. 

Again, during flowering, the same action is repeated. 
The flower removes from the surrounding air a portion 
of the oxygen it contains, and replaces it with carbonic 
acid, the temperature rising, as accurate experiments 
have proved, in absolute correspondence to the quantity 
of oxygen consumed. Nor is this elevation insignifi- 
cant. A mass of flowers has been observed to raise the 
thermometer from 66° to 121°. 

If thus the disengagement of warmth is the result of 
oxidation, it must depend on the presence of air, and be 
regulated by the rapidity with which oxygen can be 
supplied. As we pass from the consideration of plants 
to that of animals, we discover that the production of 
heat must be connected with the power of the respira- 
tory apparatus, for it is through its agency that air is 
introduced. Extensive observation accordingly estab- 
lishes a close correspondence in each animal tribe be- 
tween the quantity of heat produced and the capability 
of respiratory apparatus. The lower tribes breathe 
slowly and are cold. Earthworms are only a degree or 
two warmer than the ground ; and even among verte- ' 
brates, fishes are only two or three degrees warmer 
than the water, a lowness of temperature in a great 
measure depending on the high cooling agencies that 
water exerts, its specific heat, and the facility with 
which currents are established in it. However, even in 
. these cases the production of heat depends on the pow- 
er of the respiratory engine. The bonito can keep its 

Describe the effect during germination. Describe that during in- 
florescence. On what does the disengagement of heat depend ? 
Give examples of the temperature of the lower animals. 
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heat 20° above that of the sea, and the narwhal main- 
tains a steady temperature at 96°. 

The organic operations involved in nutrition, and also 
the retrograde changes of decay, can only go on at their 
accustomed rates so long as standard limits of tempera- 
ture are observed. The proper progress of the actions 
of life implies a corresponding adjustment of heat, and 
this irrespective of the mere size of the animal. Even 
those that are microscopic must come under this rule. 
When the temperature of a liquid containing infusorials 
is caused to descend to the freezing point gradually, the 
last portions that solidify are those surrounding each 
of these little forms ; a drop is kept liquid by the heat 
they disengage. In the same individual, the absolute 
temperature will depend on its respiratory condition ; 
thus insects, in passing through each of their stages of 
metamorphosis, present a definite condition as to their 
heat : the larva of the bee may be only two degrees 
above the air, while the perfect insect is 10*^. What- 
ever accelerates the introduction and expulsion of the 
air, increases the warmth ; so a bee shaken in a bottle, 
and kept in a state of constant muscular exertion, will 
raise the temperature contained therein far higher than 
if he remains inactive. Among insects, those having the 
largest organs of respiration have always the highest 
temperature; and, since muscular motion implies de- 
struction of muscular tissue by oxidation, and therefore 
development of heat, we should expect to find, as is act- 
ually the case, that animals possessing the highest pow- 
ers of locomotion will possess also the highest temper- 
ature. Of all, therefore, birds, the endurance and en- 
ergy of whose powers of flight result from the perfec- 
tion of their respiratory mechanism, have the highest 
temperature. It is about 110°. Yet even here there 
are differences : the sluggish barn-door fowl has not the 
heat of the energetic swallow. 

The standard temperature of man is usually stated to 
be 98°, but from this mean it ranges within certain lim- 
its upward and down. Much depends on the state of 
the health ; of course, every thing on the respiration. 
In fevers it will rise to 105°; in tetanus it may reach 

What is to be remarked in the case of infusorials ? How is it 
among insects and birds ? What is the temperature of man ? 
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110^ ; the contrary in asthma, when it may sink to 82% 
owing to imperfect access of air ; in cyanosis to 77^, ow- 
ing to imperfect aeration of the blooa ; in Asiatic chol- 
era to 75^, owing to the non-reception of oxygen by the 
discs in their diseased state. It also varies with the pe- 
riod of life : in the new-bom infant it is 100^ ; it pres- 
ently sinks to 99^, and rises daring childhood to 102^. 
Mental exercise in the adalt increases it, bodily exertion 
still more. The special degree varies with the point on 
which the observation is made: the limbs are colder 
than the trunk, and this is the more marked as the point 
is more remote. On the leg the temperature may be 
93° ; on the sole of the foot, 90° ; while that of the vis- 
cera is 101°. 

In his residence in different climates, man is exposed 
to variations of temperature extending over a scale of 
200°. Toward the poles the cold of winter is often 
—60° ; in the tropics the heat of summer -|-130°. For 
a short period his power of resistance is greatly beyond 
what these numbers would indicate ; he can enter with 
impunity an oven heated to 600°, provided the air is 
dry. In these cases, though excessive evaporation from 
the skin moderates the effect and keeps it within bounds, 
there is always a n^arked rise of temperature of the whole 
body. In a corresponding manner, exposure to cold pro- 
duces depression. 

Among these variations there is one class calling for 
critical attention. It is the diurnal variation ; less mark- 
ed in man, who instinctively makes provision against it, 
but well shown in the case of fasting animals. This il- 
lustrates, in an interesting manner, the controlling influ- 
ence of external conditions ; for if exposure to a high 
temperature, as that of an oven, compels a rise of the 
heat of the whole body, in spite of the conservative ar- 
rangements, and exposure to extreme cold compels a de- 
scent, we ought to expect that exposure to more mod- 
erate degrees would, in like manner, produce an impres- 
sion. 

The old astrologers were therefore not altogether 
wrong when they affirmed the doctrine of planetary in- 

How may it vary in disease ? What is the effect in different cli- 
mates ? How is it in artificial extremes of temperature ? Do the 
diarnal variations of heat affect man ? 
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fluences. The diurnal temperatures of a locality, as de- 
pendent on the position of the sun, are exhibited in the 
system of man. The minimum of heat for the night, 
and the maximum for the day, find a correspondence in 
the decline of animal temperature at the former, and its 
rise at the latter period. Experiments on birds sub- 
mitted to absolute starvation show that, though in their 
normal state, at the commencement, the variation be- 
tween midnight and noon was only 1^°, it gradually in- 
creased to 6°, until at last, the generation of heat whol- 
ly ceasing, the temperature gave way rapidly just pre- 
viously to death. 

If, therefore, it were possible for life to continue with- 
out the evolution of animal heat, it would be with the 
body as it is with the stem of a tree. It would follow 
the thermometric variations in the air, the maxima of 
heat and cold being somewhat later than the aerial ones, 
and within narrower limits, by reason of the low con- 
ducting power. The nearest approach to this is in cases 
of absolute starvation, and though in man the effect is 
masked by the due taking of food, it none the less ex- 
ists. In human communities there is some reason be- 
yond mere custom which has led to the mode of distrib- 
uting the daily meals. A savage may dispatch his glut- 
tonous repast, and then stai've for want of food ; but the 
more delicate constitution of the civilized man demands 
a perfect adjustment of the supply to the wants of the 
system, and that not only as respects the kind, but also 
the time. It seems to be against our instinct to com- 
mence the morning with a heavy meal. We break fast, 
as it is significantly termed, but we do no more, post- 
poning the taking of the chief supply until dinner, at 
the middle or after part of the day. If men were only 
guided by views of economy of time saved for the pur- 
suits of business, or if, on this occasion, they put in prac- 
tice the rule they observe on so many others, of never 
postponing the gratification of their desires, the first af- 
fair of the morning would have been an abundant re- 
past. But against this something within us revolts, and 
that in all classes, the laboring, the intellectual, the idle. 

What is the eifect on birds daring starvation as respects their heat ? 
What is the effect of food in the adjustment of temperature ? Why 
is a light meal taken in the morning ? 
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I think there are many reasons for supposing, when we 
recall the time that must elapse between the taking of 
food and the completion of respiratory digestion, that 
this distribution of meals is not so much a matter of 
custom as an instinctive preparation for the systemic 
rise uid fall of temperature attending on the maxima 
and minima of daily heat. The light breakfast has a 
preparatory reference to noonday, the solid dinner to 
midnight. 

Once more I would remark, that we must not be de- 
ceived by the masked aspect the system in this matter 
presents. Its diurnal variations are concealed by agen- 
cies brought specially into operation for that purpose, 
but they exist in the physical necessities of the case ; 
and herein, I believe, we have a first glimpse of the 
cause of those periodicities, remarked by physicians 
from the earliest times ; for, though the nervous sys- 
tem, both in a state of health and disease, may seem to 
be their origin, it is not impossible that its changes are 
connected with variations thus taking place in the ex- 
ternal world. 

We have next to consider the effect of the annual va- 
riations of temperature, which reach their maximum 
soon after mid-summer and their minimum soon after 
mid-winter, the manner in which the system comports 
itself under them, and the means which instinct and ex- 
perience teach us to iemploy in providing against them. 

These annual variations of external temperature are 
chiefly combated by food, clothing, and shelter. The 
dietetic changes we make between winter and summer 
are founded upon the principle of using more combusti- 
ble food for the former, and less combustible for the lat- 
ter season : and, since the calorific effect of an article of 
food greatly depends on the quantity of oxidizable hy- 
drogen it contains, the winter diet has more of that ele- 
ment than the summer. Partly thus by varying the na- 
ture, and partly by varjring the quantity of the food, we 
can effect a compensation to a certain extent. 

Of the manner in which the diet-compensation is aid- 
ed by variations in clothing little needs to be said. The 
experiments of Count Rumford established the fact that 

To what source may the periodicities of the body be traced ? How 
are annual variations of temperature accounted for ? 
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the conductibility of summer clothing is greater than 
that of winter, and therefore its resistance to the escape 
of heat is less. It is sufficient merely to allude to the 
control gained by difference of thickness in the gar- 
ments, and by their amount or quantity. We instinct- 
ively make these adjustments to meet the existing exi- 
gencies, and, as far as may be, in this manner aim at a 
medium effect. 

The check upon external temperature by tie use of 
clothing was doubtless one of the first contrivances of 
the human race. Even of savage life it is a cardinal 
feature. The check by adjustment of diet belongs to a 
civilized state, since it implies a certain control over the 
animal appetite and personal self-denial. Though great 
improvements in both of these will doubtless hereafter 
be made, when the principles of their operation are more 
generally and better understood, they must, even in 
their present condition, be regarded as having reached 
a higher perfection than the check by resorting to shel- 
ter. The art of constructing dwelling-houses may be 
said to be still in its -infancy in all parts of the world, 
and yet in no particular is the physical condition of fe- 
males and children, and especially of the sick, more near- 
ly touched. It is only in our own times that attention 
has been drawn to the proper methods for the admission 
of warmth, and air, and light ; the hygienic influences 
of furniture and decoration, are^ unknown, beyond, per- 
haps a popular impression that'it is unhealthy to be in 
a recently-painted apartment, inexpedient to sleep in a 
chamber where there are flowers, and unpleasant in 
summer to have a carpet on the floor, because it looks 
warm, and is thought to generate dust. The owner of 
a palace, on which wealth has been fruitlessly lavished, 
finds, on a cold day, that he can not obtain from his par- 
lor^ fire the necessary warmth unless by alternately turn- 
ing round and round. The testy valetudinarian sits in 
his easy-chair, tormented by drafts coming in from ev- 
ery quarter. In his vain attempts to stop the offending 
crevices, it never occurs to him that his chimney is a 
great exhausting machine, drawing the air out of the 

What is the conclusion drawn from Rumford's experiments on 
clothing ? What is the degree of perfection attained in compensa- 
tions of animal heat hy shelter? 
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room, and that his means of warming and ventilation 
are the most miserable that could be resorted to, since 
radiation can warm only one side of a thing at a time, 
and fresh air under those conditions can only be intro- 
duced by drafts. 

To warm rooms by contrivances such as the open fire- 
place or stove is obviously unj^hilosophical, since the ef- 
fect of these is to exhaust the air of the apartment. The 
modern method of warming by furnaces, which act by 
throwing air duly moistened and of the right tempera- 
ture into the rooms, and therefore by condensation, is 
clearly a better system, since it not only puts an end to 
all drafts, the tendency being to force air out through 
every crevice instead of drawing it in, but it possesses 
the mappreciable advantages of giving uniformity of 
warmth, a perfect control over the degree of heat, and 
likewise over the nature of the air, which need not be 
drawn from the cellar, or the contaminated impurity of 
the street, but by suitable flues from the free and clear 
air above. Ventilating contrivances to force a supply 
of artificially cooled air in the summer, and warm air in 
the winter, into dwelling-houses, are still a great desid- 
eratum. 

By the aid of diet, clothing, and shelter, we are able to 
effect an almost complete compensation for the changes 
of diurnal and annual temperatures, and even to occupy 
any climate of the globQ. It is the management of calo- 
ric that makes man what he is, and constitutes his spe- 
cial prerogative ; his degree of skill therein is the meas- 
ure of his civilization. The distribution of plants and 
animals, or, rather, their limitation within fixed bounda- 
ries, depends on the distribution of heat, but from these 
restraints man is free, because he can control tempera- 
tures. 

From these considerations of the effect of external 
heat on the human mechanism, we return to a more crit- 
ical examination of the modes by which heat is gener- 
ated, and its degree regulated in the body. 

In every instance we assert that the production of an- 
imal heat is due to oxidation taking place in the econ- 

What IS the best system of warming dwellings yet introdnced ? In 
what respects is it very imperfect? Do any other animals partici- 
pate with man in the power of controlling heat? 
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omy, and giving rise to carbonic acid, water, and other 
collateral products. 

Reduced to its ultimate conditions, the evolution of 
animal heat depends on the reaction taking place be- 
tween the air introduced by respiration and the food, 
and as either one or other of these is touched, the result 
may be predicted. If, for example, into the digestive 
canal alcoholic preparations be introduced, they are ab- 
sorbed, by reason of their liquid condition and diffusi- 
bility, with readiness. The combustibility of alcohol, 
and the amount of heat it yields, are so great, that the 
primary effect of the oxidation is a warmth or feverish 
sensation. By reason of the changes now taking place 
so actively in it, the blood circulates with unwonted ra- 
pidity, and the supply to the brain increasing, that organ 
exhibits an unusual functional activity. But this dis- 
play of intellection is only temporary, and an opposite 
condition soon comes on, for, tnore carbonic acid accu- 
mulating in the blood than the lungs can get rid of, the 
depressing effects of that body commence, and eventual- 
ly the symptoms of poisoning by it ensue. 

Not unlike this is the train of effects arising when, in- 
stead of varying the nature of the article ingested, we 
vary that of the gas respired. An energetic supporter 
of combustion, like the protoxide of nitrogen, gives rise 
to a feverish glow, cerebral activity, to be followed 
eventually by a deep depression, (he poisonous influence 
of the carbonic acid produced being exhibited. After a 
while the system casts it off, and recovers its condition 
of health completely. If there be an abstinence from 
food, since the introduction of air by respiration goes 
on without abatement, the body itself must undergo ox- 
idation, lose weight, and emaciation occur. Its tenden- 
cy to follow the diurnal variations of temperature be- 
comes more and more strikingly marked as the process 
of starvation goes on, and finally a rapid and unchecked 
decline of the heat ensues. Yet even then life may 
be preserved by the application of sufficient external 
warmth, and from an extreme condition of attenuation 
an animal may be rescued by the use of food ; but for 

What is the effect of more combustible aliment ? What of more 
energetic supporters of respiration ? In cases of complete starvation, 
what effect is there on the temperature ? 
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such a recovery the external warmth must be continued 
untU there has been time for digestion and absorption 
to take place. If, however, such an extraneous aid be 
not duly applied, the temperature of the starvmg anmial 
goes on diminishing, and he dies of cold. 

The doctrine we are here inculcatmg, that ammal 
heat is due to oxidation in the system, is stall farther 
strikingly illustrated by what might be termed starving 
the respiration. As cold is felt from want of food, so 
also it is from want of air. In ascending high mount- 
ains, the effect upon the system has been graphically ex- 
pressed as " a cold to the marrow of the bones ; a dit- 
ficulty of making muscular exertion is experienced ; the 
strongest man can scarcely take a few steps without 
resting ; the operations of the brain are mterfered with j 
there is a propensity to sleep. The explanation of aU 
this is very clear. In the accustomed volume of ^r re- 
ceived at each inspiration there is a less quantity ofoxy- 
gen in proportion as the altitude gained is higher. Fires 
can scarce be made to burn on such mountain-tops ; the 
air is too thin and rare to support them ; and so those 
combustions, which should go on at a measured rate in- 
the interior of the body, are greatly reduced in intensi- 
ty, and hence the sense of a penetrating cold. Such 
journeys, moreover, illustrate how completely the action 
of the muscular system, and also of the brain, is depend- 
ent on the introduction of air; and under the opposite 
condition of things, where men descend m divmg-bells, 
though surrounded by the chilly influences of the water, 
they experience no corresponding sensation of cold, b^ 
cause they are breathing a compressed and condensed 
atmosphere. 

The respiratory apparatus of certain animals permits 
a reduction in the amount of air introduced under expo- 
sure to a due degree of cold. Such animals are said to 
hibernate. At the coming on of winter their adipose 
tissues are engorged with fat. As they pass into their 
annual sleep, the rate of their respiration falls. The 
marmot, which in activity wUl make 140 respirations in 
a minute, makes now but 3 or 4 ; the temperature of the 
body descends, and combustion of the store of fat goes 

What are the physiological consequences of breathing a very rare- 
fied air ? What phenomena are displayed by hibernating animals ? 
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on more slowly. Yet it does go on, for, toward springs 
the animal has become very lean ; sufficient heat is dis- 
engaged to permit the blood slowly to drculate, and so 
barely to keep up the functions of life.. If, however, the 
stock of material available for combustion is insufficient, 
the animal dies. 

Although we can not interfere with the rate of respi- 
ration, we can affect the quantity of air introduced into 
the system by artificial means, as -in the operation of 
blood-letting ; for though, after blood has been drawn, 
we may make the normal number of respirations, 17 in 
a minute, and for each introduce 17 cubic inches of air, 
we have diminished the number of discs, the carriers of 
oxygen ; and, as the experience of physicians in all times 
has shown, there is no method so effectual in reducing 
any unusual of febrile temperature. So, in like manner, 
in Asiatic cholera, the marble coldness the body pre- 
sents is attributable to the loss of function of the discs, 
and the consequent abatement in the quantity of oxygen 
introduced. 

Thus far we have considered the means the animal 
mechanism possesses for raising its own temperature ; 
it remains to show how it can also regulate it. For 
any thing that has thus far been said to the contrary, 
the combustions or oxidations continually going forward 
should establish a constant rise, and there must there- 
fore be some principle of restraining such a rise within 
due bounds. Considering also the incessant vicissitudes 
of atmospheric temperature, a constant degree could not 
be maintained unless the system possessed the means of 
depressing as well as elevating its heat. 

That the means of regulating the heat are purely 
physical, we should expect for many very obvious rea- 
sons. Economy of heat is accomplished by non-conduct- 
ing material. On this principle, nair, wool, and feathers 
act by excluding the contact of the atmosphere, their 
low conductibility being brought into operation. In 
many cases, the manner in which this is done is clearly 
intentional. Thus the down placed on the breast of a 
water-fowl is to screen off the chilling infiuence of the 

Can the temperature be rednced by interfering with the circula- 
tion ? In what manner does the abstraction of blood act ? Mention 
certain physical means for regulating animal heat 

H 
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water, which is there chiefly felt as the bird swims on 
the surface. The deposits of fat in whales, their blub- 
ber, at once affords a protection through its imperfect 
conductibility, and is also a store of combustible mate- 
rial for the purpose of respiration. 

The chief cooling agencies in animals are, 1st. Radia- 
tion ; 2d. Loss of heat by warming the expired air ; 3d. 
Loss by contact of the cold external air; 4th. Evapora- 
tion. The circulation of the blood tends to establish an 
interior equalization, so that local variations are soon 
obliterated; for, through whatever part the blood may 
flow, it attains the temperature thereof, and, passing in 
succession from part to part, equalizes the heat of all. 

Jt would be useless to offer any proof that a living 
being, like an inorganic mass, loses or gains heat, as the 
case may be, by radiation. Since, however, in man, the 
temperature is usually higher than that of the surround- 
ing medium, the result of this action is that cooling 
takes place. With regard to loss of heat by warming 
the expired air, it may be observed that, whatever the 
temperature of the external air may be, it is raised to 
that of the lungs after it has been brought into the res- 
piratory passages. This constitutes, therefore, a cooling 
agency of variable pow§r, for the loss will be greater as 
the external heat is lower : if the atmospheric tempera- 
ture rose to 98^, loss in this manner would cease. Ke- 
calling what has been said respecting the mode in which 
air is introduced, it is plain that this loss will chiefly fall 
upon the nasal passages, the trachea, and larger ramifi- 
cations of the bronchial tubes ; for, by the time the vol- 
ume inspired has made its way beyond that limit, its 
temperature must be nearly that of the body. The con- 
tact of the cold surrounding air, and more particularly 
of currents occurring in it, act chiefly upon the skin,. and 
it is in preventing this loss that Clothing becomes so ef- 
ficient. The difference we so frequently notice between 
the indications of the thermometer and our own sensa- 
tions are, for the most part, dependent on these currents. 
A temperature of 60° below zero can be sustained with- 
out much inconvenience if the air is perfectly calm, but 
not so if there is any wind. Of all the cooling agencies, 

What are the chief cooling agencies? How is it that heat is lost 
by radiation and contact ? 
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evaporation is, howefver, by far the most energetic. 
From the skin and the air cavities, large quantities of 
the vapor of water are exhaled. As the external heat 
rises, the sudoriparous tubes act with increased energy, 
and pour out their excretion as drops of sweat faster 
than it can be removed. Their length has been esti- 
mated at 28 miles. Since, at the temperature of the 
body, the heat of elasticity of the vapor of water is 
1114^, this continued vaporization from the skin and 
lungs is one of the most powerful sources of refrigera- 
' tion. 

It may be well to direct a closer attention to the spe- 
' cial action of the air passages and skin as concerned in 
these cooling processes. The diurnal loss of water, by 
both organs conjointly, is usually estimated at 3J lbs., 
of which the pulmonary exhalation constitutes about 
one third, and the cutaneous about two thirds. The 
skin acts in a variable manner, losing more or less wa- 
ter as the external air is dryer or more damp. The re- 
moval of water therefore becomes a complex operation, 
in which three different organs are concerned — ^the skin, 
the lungs, and the kidneys. Of these, the skin acts me- 
teorologically and variably, as has beeniust remarked, 
and the respiratory organs for the most part uniformly. 
But* since it is requisite, in the normal operations of the 
system, that the diurnal average of water should be re- 
moved, the variable action of the skin throws a variable" 
action upon the kidneys, for the excess that the skin 
can not evaporate must be strained off by these organs. 
In this regard the kidneys act, therefore, vicariously for 
the skin ; and in hot weather, when the cutaneous losses 
are great, but little urine is discharged ; but in cold 
weather, when the cutaneous loss is diminished, its quan- 
tity is increased. 

I think, however, that as ^regards the respiratory or- 
gans, a distinction should be made in their mode of ac- 
tion. In reality, they operate in a double way. 1st. 
They act, so far as the nasal passages, the trachea, and 

larger ramifications of the bronchial tubes are concerned, 

^ 

Of all cooling agents, which is the most effectual ? What is the 
amount of heat lost in evaporation ? Describe the action of the skin. 
What is meant by the yicarious action of the kidneys ? How is it 
that the respiratory organs operate in this respect in a double way ? 
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meteorologically, aod therefore variably, for the intro- 
duced air possesses the existing atmospheric tempera- 
ture ; is at one time warm, and at another cold ; yet, since 
it always leaves these passages at 94^, it removes from 
their surfaces sometimes less and sometimes more heat ; 
but it is not so with the action going on in the air-cells, 
the temperature of which, and of the air they contain, is 
always uniform ; and as water vaporizes into them, it 
must always do it at a uniform rate, and remove as its 
caloric of elasticity a uniform amount of heat. I there- 
fore decompose the loss of heat by the respiratory or- 
gans into two portions : one, which is constant, and tak- 
ing place in the cells ; the other, variable, occurring in 
the large air-wa;|^s, and, being meteorological, coincides 
in this respect with the cutaneous loss. In considering 
the diseases of the respiratory organs, it is well to keep 
this distinction in mind. 

The establishment of the equilibrium of temperature 
in an animal is effected by the mutual op^eration of the 
heating and cooling arrangements. More or less heat, 
as the system requires, may be furnished by promoting 
or retarding the oxidation of respiratory material ; and 
since a living being, like an inorganic mass, is subject to 
every external Tnfluence, its temperature tending to rise 
or fall, as diurnal, or annual, or seasonal changes may be, 
these, as well as its own interior variations, are held in 
check by the cooling or warming powers it can exert. 
Local differences within itself are eliminated in an indi- 
rect, but still very effectual manner, by the circulation 
of the blood; and, considering the range of variation to 
which it is exposed, and the frequency of the changes, 
the required equilibrium is admirably secured. 
^ I have reserved for a more special and prominent con- 
sideration the influence exerted by the nervous system 
over animal heat, since it ift upon this that many have 
been disposed to deny the great truth that the heat of 
the body arises from oxidation. They say that it is 
produced by the nerves. Even a mental emotion gives 
rise to disturbance of temperature, and the face may be 
covered with blushes. Moreover, as experiments have 
proved, on cutting a nerve the temperature of the parts 

How is it that the balance of temperature is attained ? Has the 
nervous system any control? 
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it supplies declines ; on injaring the great nerve centres 
the temperature of the whole system lowers, even though 
artificial respiration may be kept up. In cases of paral- 
ysis, the temperature of the disabled part may be very 
much lower than that of the sound. A paralyzed arm 
has shown a surface heat of 70^ only, while the sound 
one has been at 92°. It is also said of decapitated ani- 
mals that ihey cool quicker when artificial respiration is 
kept up than when they are let alone. 

All this may be very true, yet it is very far from prov- 
ing that the nerves are the generators of animal heat. 
The engineer of a locomotive can regulate the speed of 
his train and control the production of steam by throw- 
ing more or less fuel on the fire, or by supplying it with 
more or less air ; but does any one impute the produc- 
tion of the heat to him ? If an accident should throw 
him off, thereby establishing a sort of analogy between 
his machine and the decapitated animals we have refer- 
red to, the stoppage that would soon ensue, and the dy- 
ing out of the fire, "would by no means prove that he 
made the heat ! 

And so with the nervous system, its function is not a 
generative, but a controlling one. It determines in what 
way the combustive or oxidizing actions shall go on, but 
that is a totally different affair from forpiing the heat. 

Before specifying more particularly the views I enter- 
tain on this subject, I will remark, that the most super- 
ficial consideration satisfies us that oxidation in the sys- 
tem goes on in a regulated way. There is not an indis- 
criminate attack made by the arterial blood on whatever 
is next before it, but those particles only are removed 
which the needs of the system require. This therefore 
implies some overriding or superintending agency, that 
can save one atom from destruction and surrender an- 
other. The portion assaulted may, to all appearances, 
be identical in physical aspect and chemical constitution 
with an adjacent one that is passed by. There seems to 
be an arrest or suspension of affinity in one case, and its 
ready satisfaction in the other. 

There are some well-known facts in natural philoso- 
phy which throw a flood of light on this obscurity. If 

What is observed in cases of paralysis ? Is the function of the 
nervous system generative or controlling ? 
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a piece of pare zinc be placed in a glass of acidulated 
water beside a piece of copper, so long as the metals are 
kept apart no action whatever ensues ; but if a conduct- 
ing thread is laid from one to the other, the zinc instant- 
ly begins to oxidize, clouds of hydrogen gas bubbles rise 
from the copper, and the thread becomes at once red- 
hot and magnetic. On lifting the communicating thread 
all these actions cease ; on restoring it they iiistantly re- 
cur. We think we explain them by saying that they 
are all due to the decomposition of water by the zinc. 
But why was the zinc passive when alone, and why did 
it assume this activity when merely touched by another 
metal ? Does not all this serve to show that substances 
may be, as it were, in a. quiescent state, and on the ap- 
plication of what may perhaps seem the most insignifi- 
cant cause, may suddenly assume activity, and forthwith 
satisfy their chemical affinities ? There is nothing in the 
graduated oxidations going on in the system more ob- 
scure or more unaccountable than the phenomena of a 
simple Voltaic circle. Their effects are almost parallel. 

All elementary substances appear to have the quality 
of assuming active and passive conditions. Carbon, 
moreover, presents many mtermediate forms. As dia- 
mond it is extremelv incombustible, and is set on fire 
with difficulty even m oxygen gas ; as lampblack it will 
kindle spontaneously. With these differences in its re- 
lations with oxygen, it also exhibits great variations in 
its optical, calorific, mechanical, and other properties. 
"These transitions of state may be induced by various 
causes, especially by the agency of what are called the 
imponderable principles, as by rise of temperature, and 
exposure to the sun-light. Thus, in the case of chlo- 
rine, I have shown that, though it refuses to combine 
with hydrogen so long as it is in the dark, an exposure 
to indigo-colored light will cause it to unite with ex- 
plosive energy with that substance ; and these pecul- 
iarities are retained by bodies when they go into union 
with each other. 

The properties here spoken of have been designated 

How may the controlling action of the nervous system be illus- 
trated by electrical experiment ? Give an example of the active and 
passive forms of bodies. How may these transitions of form be ac- 
complished ? 
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by Berzelius as the allotropism of bodies. I have en- 
deavored to prove that allotropism is the true cause of 
many of the obscure facts we meet with in the anii!lal 
mechanism ; for it is very clear that something so mod- 
ifies the relations of the tissues to oxygen thaj they are 
not indiscriminately destroyed by it, but these parts 
yield in a measured or regulated way ; and since, in in- 
organic substances, the influence of the imponderables 
can compel the assumption of an active or passive state, 
there is nothing contradictory in imputing to the nerv- 
ous system a similar power. 

In this manner we may therefore conclude that, so far 
as tissue destruction is concerned, the nervous system 
possesses a governing or controlling power; that by 
keeping parts in states answering to the passive and 
active conditions of inorganic chemistry, it can suspend 
the action of the respired oxygen or permit it to take 
effect. 



CHAPTER XL 

OF SECRETION. 
SEEOTTS, MTTCOUS, AND HEPATIC SECEETIONS. 

Olmct of Secretion, — 7)^pe of secreting Mechanism, — 
iUtration and Cell Action. — Of Serous Membranes 
and their Secretions, — Of Mucous Membranes and 
their Secretions, — The Liver: its Development and 
Structure, — Source, Quantity j Composition, Uses, and 
Flow of the Bile, — Existence of biliary Ingredients 
in the Blood, — Production, of Sugar and Fat i7i the 
Liver, — Changes of the Blood-cells in it, — General 
Summary of the fourfold Action of the Liver : it 
produces Sugar and Pat, eliminates Bile, is the Seat 

' of the final Destruction of old Blood-cells, and of the 
Completion of new Ones. — Of the ductless Glands, — 
UTie Spleen : its Functions, 

Two classes of substances occur in the blood — ^the 
products of decay and the elements of nutrition. The 

What designation has been given to such states? What niny 
finally be conclnded as respects the action of the nervous system ? 
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equilibritim of the system reqnires that the former should 
be removed and the latter appropriated. 

The primary object of the function of secretion is this 
dismissal and appropriation, and therefore, through the 
latter duty, secretion becomes connected with nutrition. 

The elementary type of a gland or organ of secretion 
consists of a sac, on the interior of the wall of which a 
network of arterial ramifications is spread ; this delivers 
its blood into a similar network of veins. The matter 
the gland is destined to separate oozes from the arterial 
.capiUaries into the interior of the sac, and is delivered 
through the neck or mouth thereof, which may be spoken 
of as the duct. 

This elementary or typical form of a gland i& but very 
little departed from when the sac is elongated into a 
tube ; and even where this has been extended to an ex- 
aggerated degree, the essential principle of action still 
remains the same. 

From the constancy of aspect presented by glands we 
might be led at first to suppose that their peculiarities 
of construction determine their physiological action, that 
the liver secretes bile, and the kidney urine, because 
they have the special organization needful for such pur- 
poses. Such a supposition, however, has to be received 
with much limitation, as is proved by numberless cases 
of vicarious action. Thus, m morbid difficulties of the 
liver, the skin w;ll discharge its duty for it in the elimi- 
nation of the bile. 

The secretion of material from the blood may be con- 
sidered as conducted in two different ways ; 1st, by fil- 
tration ; 2d, by cell action. 

Secretion by filtration is, of course, a purely physical 
act. The transudation of water charged with saline 
substances, or with more or less of albumen, seems to 
imply nothing but the escape of pre-existing bodies 
through pervious or porous membranes. Such a result 
is presented in the case of the lachrymal gland, its duty 
being to accomplish a definite mechanical operation for 
the eye in keeping the cornea clear and transparent. 

What is the object of the function of secretion ? Describe the 
elementary type of a gland. How do the facts of vicarious action 
bear on the theory of secretion ? In how many modes is secretion 
accomplished ? Give an example of secretion by filtration. 
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This mechanical fanction is again obseiTed in the case 
of the serous membranes, and particularly the synovial 
ones, in which the relief of friction of movable parts 
seems to be the object aimed at. 

As long as the material secreted clearly pre-exists in 
the blood, it is needless to refer secretion to any other 
principle than the simple one of transudation or filtra- 
tion. It would be unphilosophical to suppose that the 
lachrymal gland exercises any property for the formation 
or production of water when by mere transudation copi- 
ous supplies of that substance can be obtained from the 
blood. 

But secretion is, moreover, perhaps connected with 
cell life. On the upper part of the intestine of the young 
chick, a few cells maike their appearance about the fourth 
day of incubation. They are eventually recognized as 
bile-containing cells from the color of their contents. 
As the process goes on, the spot they occupy buds off, 
as it were, so as to produce a blind pouch. This off- 
shoot, with its exterior cells, is eventually, when perfect 
development is reached, the liver. 

Our conclusion respecting the mode of action of se- 
creting cells turns altogether upon the evidence of the 
power they possess of preparing material not pre-exist- 
ing in the blood. Thus, if it should be shown that, un- 
der normal circumstances, the elements of bile are not 
found in the blood, the inference might be drawn that 
the hepatic cells display a combining, or, as it were, a 
preparing power ; and so likewise in the case of other 
secreting cells ; but the weight to be attached to such 
evidence is greatly affected by the consideration that 
*the action of each gland or secreting apparatus masks 
what is really going on in the system. It is possible 
that we may be scarcely able to discover the traces of 
substances in the blood, and yet a tendency may exist 
for their accumulation to a great extent. Thus there 
can be no doubt that urea would abound through the 
disintegration of the muscular structures, and the use 
of nitrogenized food, if it were not for the action of the 
kidneys. It is the very perfection of that action which 
so diminishes the amount in the circulation as to prevent 

Give an example of secretion by cell action. Why is it so fre- 
quently difficult to detect the products of secretion in the blood ? 

H2 
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US, except with difficulty, from detecting the presence 
of the ingredient. 

The cases in which the influence of cells is indisputa- 
ble are those offering to us combinations of progressive 
metamorphosis. Of these, the most striking instance is 
the preparation of the spermatic fluid. Perhaps we 
should not be very far from the truth if we considered 
all those secretions in which the materials are in a state 
of retrograde metamorphosis, or in a descending career, 
as arising by mere filtration, and those ascending to a 
higher grade as due to cell agency ; between the two 
there being an intermediate class, the phase of which is 
stationary, and cells may or may not be necessarily in- 
volved, as, for instance, the transmutation of one fat into 
another, or the preparation of sugar from albuminoid 
bodies. 

The apparatus for secretion is generally conveniently 
treated of under two heads: 1st. Membranes, such as 
the serous and mucous ; 2d. Glands, as the liver, kidney. 
This division is, however, not founded either on struc- 
tural or functional differences, and is to be preserved 
merely for the sake of convenience. 

A secreting membrane consists essentially of a tunic 
of connective tissue, affording a nidus for vessels and 
nerves. Upon this, in the opinion of many anatomists, 
a thin basement membrane is laid, its existence being, 
however, denied by others. Upon the surface of the 
basement membrane there is a layer of cells, differing in 
form and arrangement in different regions. In some 
places the cells are flat, in others cylindroid. Their 
duration is temporary, one brood succeeding another 
from germs in the basement membrane. The super-* 
ficial, and, therefore, the older cells, desquamate or de- 
liquesce, and are replaced by others from beneath. 

The fluid exuding from serous surfaces is a dilute al- 
buminous solution, more dilute as it is presented in the 
ventricles of the brain, and more concentrated in the 
synovial cavities, its consistency in the latter case being 
such that it may sometimes be drawn out in tenacious 

What are probably the conditions for filtration and cell action re- 
spectively ? How many forms of apparatus for secretion are there ? 
Describe a secreting membrane. What are the properties of the 
fluid secreted by serous surfaces? 
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threads. The mechanical qualities of these varions ex- 
udations permit a ceitain freedom of motion in the parts 
to which they are applied. Thus the secretion of the 
peritoneum facilitates the movements of the abdomin- 
al viscera ; those of the pericardium and pleura, of the 
heart and lungs; those of the synovial membranes and 
burssB mucosae, of the joints and tendons. * 

Among secreting surfaces the mucous membranes are 
usually enumerated. Strictly speaking, however, they 
are scarcely so much secreting surfaces as the seat of 
numberless secreting organisms. T&ey line the interior 
of the digestive, respiratory, urinary, and generative ap- 
paratuses, and are characterized by extreme vascularity. 
In structure they consist of several different layers or 
regions, the undermost being submucous cellular tissue, 
upon which is spread the proper mucous membrane, con- 
taining connective and elastio tissue, affording a nidus 
for blood-vessels and nerves. Upon this is the basement 
membrane, covered with epithelial cells. In many re- 
gions this compound structure rises into elevations, as 
in the intestinal villi, or sinks into depressions, as in the 
follicles. 

It is not necessary to give a detailed description of 
mucous surfaces farther than to state that from them 
there is furnished a viscid, glairy fluid, of different shades 
of color from white to yellow, denser than water, and 
insoluble therein. Examined by the microscope, it con- 
tains granular corpuscles and epithelial cells. Its reac- 
tion is alkaline, and its proximate constituent is a sub- 
stance to which the name of mucin has been given. De- 
rived from different sources, as the nasal, bronchial, and 
pulmonary surfaces, the intestinal canal, and the urinary 
and gall bladders, it exhibits specific differences. 

Op secreting Glands, — ^The typical form of secreting 
cell-gland is a single cell, with its nucleus at the lower 
end, the other end having become open by deliquescence 
or dehiscence, and thus constituting a sac. From the 
nucleus thus situated at the end of the cavity broods of 
young cells arise. These become more perfect as they 
advance toward the mouth of the sac. The outer wall. 

What are macous membranes ? What are the properties of mu- 
cus ? Describe the typical form of a secreting cell-gland. 



180 THE LIYEB. 

and especially the region of the nucleus, is furnished co- 
piously with blood-vessels. 

Of such structures, variously modified, different glands 
are composed. We shall now proceed to the descrip- 
tion of tne more important of these, as the liver, mam- 
mary gland, etc. 

OF THE LIVEB. 

The first appearance of a bile-secreting organ is the 
occurrence of yellow cells variously scattered upon the 
lining membrane of the digestive cavity, as in the hy- 
dra. A concentration or localization next ensues, such 
yellow cells being grouped upon the wall of the intes- 
tine at a definite spot. A cascal projectioi), in the high- 
er tribes, seems next to force out the yellow cells, bear- 
ing theni on its exterior, as in the nudibranchiate gas- 
teropods ; and as these caeca are prolonged more and 
more, so, in a more definite manner, does the rudiment- 
ary liver appear. 

The comparative anatomy of the liver is repeated in 
its order of development in the high vertebrated ani- 
mals. In them it is first detected in an evolution of 
cells upon the intestinal wall, at the point eventually to 
be the place of discharge of the common bile-duct. This 
agglomeration of bile-cells is next seen to project or bud 
on through the intrusion of a caBcal pouch. In the am- 
phioxus the condition thus reached remains permanent, 
and is the counterpart of the liver of a fowl about the 
fourth day of incubation. The csecal pouch next sends 
forth ramifications, likewise accommodated with cells, 
and these, branching again, give origin to a complicated 
structure. In this condition, the mouth of the csecum 
is drawn out and narrowed down, and so forms the ru- 
diment of an hepatic duct. 

In man, the liver is the largest gland in the body : it 
is of a reddish-brown color, dense, and from three to five 
pounds in weight ; convex on its upper, and concave on 
its inferior surface. It has five lobes : the right lobe, 
the left lobe, the lobus quadratus, the lobus spigelii, and 
lobus caudatus. It is held in its position by duplicatures 
of peritoneum and by a fibrous cord termed its liga- 

What is the rudimentary form of the liver ? In what manner does 
its development take place ? Describe the liver. 
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ments. Its peritoneal envelope is the cause of its glossy 
appearance ; its ceUalar envelope extends into the inte- 
nor as sheaths for the vesBels. 

The iDtimate stractare of the liver in man is, in many 
particntars, still imperfectly known, thongh the atten- 
tion of the most eminent anatomist^ has been devoted 
' to it. It may, however, be nnderstood that each hepat- 
ic vein, oommencing in the eabstance of the liver, bears 
upon its oapillariea small partions called Lobules, from 
the -^ to the ^ of an inch in diameter, in a manner 
which calls to mind the Fig. as. 

arrangement of leaves 
on a branch, or a bunch 
of grapes, as represent- 
ed in Mg. 68, a being 

the vein ; bbb, leaf-like < j 

lobules upon its branch- 
es. Excluding the lym- 
phatics, it may be said 
that fonr different sys- 
tems of vessels are en- HepadaTdralnUietiflialeiiiflhellvet. 
gaged in the liver — the portal vein and hepatic artery, 
the bile-ducts and hepatic veins. The first pair are af- 
ferent, the second pair efferent vessels. The portal vein 
brings the blood from which bile is to be secreted ; the 
hepatic artery brings aerated blood for the nonrishment 
of the gland ; the bile-duets carry away the biliary se- 
cretion which has been separated from the portal blood, 
and the residne, taken charge of by the hepatic veins, 
is eventually carried back into the general circulation 
through the vena cava. 

The arrangement of the fonr systems of vessels is this. 
The vein originates in the centre of each lobule, and ex- 
hibits a ray^ike divergence. On the periphery of the 
lobule the other three vessels ramify. Of these the por- 
tal veiolets dip down into the substance of the lobule, as 
also do the hepatic arteries, but it is not known whether 
the bile-duots proceed beyond the surface. The manner 
in which they are related to the secreting cells, and re- . 
ceive the liquid yielded by them, is a subject of contro- 

What is known respectine its irlimHte Btruetare? How many 
iytWrnt oTresaels are fbnnd in the liver? Of these, which are effy- 
rentand whkhcKrent? Whnt ia the ftinction of each ? 
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versy. Nor is it certainly known whether the hepatic 
artery discharges its blood into the portal capillaries, or 
into those of the hepatic vein. 

The portal blood, as it is preparing to enter the liver, 
mav be regarded as systemic venoas blood, the consti- 
tution of which has been altered through the additions 
made to it by absorption of matters from the stomach 
an4 intestine. We may overlook for the present those 
contributions it receives from the veins of the spleen 
and other sources. Regarding it, therefore, as systemic 
venous blood, charged with certain of the products of 
digestion, it enters the liver to be acted upon by that 
gland. The first effect upon it is, in a chemical point 
of view, well marked. The stream setting off to "Ihe 
general circulation through the hepatic veins may be 
said to carry away the whole of the nitrogenized mate- 
rial ; for the bile, at this point parted out and sent back 
to the intestine through the biliary ducts, does not con- 
tain more than 4 per cent, of nitrogen, and this exclu- 
sive of the water which imparts to it its liquid condi- 
tion. Arrived in the intestine, a repetition of the same 
process of partition takes place, the coloring matter con- 
taining nearly the whole of this residual nitrogen, being 
dismissed with the faeces, and the remaining hydrocar- 
bon taken up by the lacteals along with other fats. 

The first duty of the liver is therefore a separation of 
the nitrogenized principles of the portal blood. These 
are forthwith carried into the general circulation through 
the hepatic veins and the vena cava. The result is, that 
there is returned to the intestine a sulphur.eted hydro- 
carbon, still containing so much nitrogen as to form a 
very unstable product,, prone even to spontaneous de- 
composition. In the intestine its nitrogen is wholly re- 
moved from it, and the combustible hydrocarbon is then 
absorbed. 

The portal blood, regarded under the aspect here pre- 
sented, is obviously composed of two constituents: 1st. 
Systemic venous blood ; 2d. Matters obtained from the 
^digestive cavity. We next inquire from which of these 
the bile is really derived. 

What is the portal blood ? What is the first eflTect of the liver 
upon it ? What course is taken by the bile ? Of what parts is por- 
tal blood composed ? 
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Besides the presumptive evidence arising from the 
consideration that if the bile originated from matters 
just absorbed from .the digestive cavity, it would be in- 
conceivable why it should be returned forthwith there- 
to ; its quality of extreme instability marks it out as a 
substance fast approaching to final disorganization and 
decomposition. It bears no aspect of a histogenetic or 
formative body, but, on the contrary, it is on the down- 
ward course. We should scarcely expect to recognize 
it as a primary product of the digestive action, but 
should seek its probable origin in some source of decay. 
. Whatever weight may altach to such considerations, 
we have, in addition, direct evidence placing the source 
of the bile beyond doubt by referring it to the systemic 
venous blood, and not to the matters just obtained from 
the digestive cavity. 

During foetal life, the digestive organs are in an inact- 
ive state, but the liver, largely developed, discharges its 
secretion into the intestine. This secretion, known as 
the meconium, is a true bile. 

During foetal life the liver is therefore discharging 
the same function that it does after aerial respiration 
has commenced — that is to say, it secretes bile (meconi- 
um) into the intestine ; but at this period, since there is 
no true digestion, the bile can come from one source 
alone, and that source is the systemic venous blood. 
There therefore can remain no doubt that, in after life, 
the same effect takes place, and that the bile is never 
derived from materials just brought from the digestive 
cavities. 

I therefore regard the bile as an excretion of materi- 
als decomposing and ready to be removed from the sys- 
tem. I incline to the supposition that much of it is de- 
rived from the cells of the blood, the life of which is 
only temporary, for the casein of the meconium is noth- 
ing but the globulin of the cells, the two substances be- 
ing chemically allied, and the predominance of iron in 
the ash of meconium seems to establish a connection 
with hsematin. 

Bile, from whatever animal it may have been derived. 

From which of these is the bile derived ? What is meconinm ? 
How does the composition of meconium indicate the source of bile ? 
From what source is its iron derived ? 
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contains a resinous soda salt, a coloring material, choles- 
terine, and mucus. The acid of the soda salt is the tau- 
rocholic or glychocolic. The coloring matter in carniv- 
orous and omnivorous animals is brown, the cbolepyr- 
rhin of Berzelius ; but in birds, fishes, and amphibia, it is 
green, biliverdin. 

Bile is secreted more slowly during a long period of 
fasting, and more rapidly during normal nutrition. To 
a certain extent, this variable rate depends on the gen- 
eral principle that a gland acts more energetically in 
proportion as the supply of blood sent to it is greater. 
If not wanted for the present purpose, the product is 
stored up, fof a time, in the gall-bladder. 

The flow of bile takes place with different degrees of 
rapidity at different diurnal periods : thus it reaches its 
maximum in from thirteen to fifteen houi*s after the last 
full meal, and then rapidly diminishes. 

Bidder and Schmidt estimate the diurnal secretion in 
an adult at 54 oz., containing 6 per cent, of solid matter, 
an estimate undoubtedly too high, so far as an average 
diet and state of health are involved. 

But the liver has other duties to discharge besides the 
separation of bile. It gives origin to sugar and fat, as is 
proved by the circumstance that the blood of the hepat- 
ic veins is richer in those ingredients than the blood of 
the portal. In this respect its action seems more par- 
ticularly to be that it converts other sugars into the par- 
ticular form known as liver-sugar, which it can also pro- 
duce from the transforming albuminous bodies ; it forms 
fat from sugar, and makes from certain other fats the 
special one known as liver-fat. In this duty of forming 
sugar and fat, it exhibits an inverse power of action ; as 
the production of the one predominates, that of the oth- 
er declines. 

Does the liver. really secrete bile? Is it the business 
of the so-called bile-secreting cells to withdraw the con- 
stituents of that liquid from the blood, and combine 
them together into this viscid yellow liquid ? I think 
not ; for it is a matter of demonstration that not only 

What are the chief ingredients of bile? Under what circnm- 
stances does the secretion of bile vary? When is its maximum 
flow? What is its diurnal amount? What other substances be- 
sides bile does the liver secrete ? 
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every constituent of the bile, but the bile itself, pre-exists 
in the blood, and it is just as unphilosophical to burden 
those cells with the duty of forming it as it would be to 
believe that a like agency is needfcd for the appearance 
of urea in the kidney. 

For such reasons^ I believe that the bile simply trans- 
udes from the blood, and that the cells of the lobules 
have no special relation to it beyond this, that it oozes 
past their interstices, or, perhaps, by physical imbibition, 
finds access to their interior. 1 see no reason that these 
cells should form it when it pre-exists in the blood, nor 
does the state of the affluent and effluent blood offer any 
contradiction to this conclusion. In all discussions of 
the functions of this organ founded upon a comparison 
of the portal and hepatic venous blood, the relative quan- 
tity of water they ccwtain, and its great and even rapid 
fluctuations, should always be born^ in mind. As might 
be expected, portal blood contains far more water, and, 
even after abundant drinking, the amount in the hepat- 
ic venous blood has by no means increased to the extent 
that might have been expected. It is for these reasons 
that the bile varies so greatly at different periods in its 
specific gravity and fluidity. 

The liver, besides producing sugar and fat, is the seat 
of disintegration of the worn-out blood-cells, and here 
probably the young ones are pushed forward through a 
certain stage of their development ; advantage, more- 
over, being incidentally taken of the secreted bile, which 
possesses properties useful though not essential for pro- 
moting the digestion and absorption of fatty material, 
perhaps, also, of imparting a definite course to the trans- 
mutation of the semi-digested material in the intestine, 
and this both as regards nitrogenized, amylaceous, and 
fatty bodies. Of the influence of the bile in promoting 
the absorption of fat, the physical experiments hereto- 
fore alluded to leave no doubt ; but that these uses are 
of a secondary or non-essential kind, and are only taken 
advantage of in an indirectly economical way, is estab- 
lished beyond all possibility of a doubt by the fact that 
animals can live for a long time, even for months, with- 
out the passage of bile into the intestine, pro vision hav- 

Does bile pre-exist in the blood ? In what manner is it removed ? 
What action has the liver on old blood cells ? 
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ing been made for its escape externally throngli an ar- 
tificial fistulous orifice. 

These conclusions respecting the functions of the liver 
are in harmony with the appearances presented by the 
blood leaving and entering it : the predominance of col- 
orless blood-cells, and of young cells well advanced to- 
ward perfection in the former, and of wastiQd, worn-out 
ones in the latter; with the fact that the maximum se- 
cretion of bile does not take place until more than half 
a day after the ingestion of food ; and that during fcetal 
life, in which there is no food, either in the stoiaach or 
intestine, to be digested, the liver is nevertheless in high 
activity, and bile is secreted. 

In view of all the preceding facts, we may therefore 
finally conclude that there are at least four. distinct op- 
erations conducted in the liver : J.. The production of 
sugar and fat ; 2.^he separation of the bile ; 3. The 
destruction of old blood-cells ; 4. The completion or per- 
fection of young blood-cells, perhaps by receiving their 
iron. With respect to these it may be remarked, 

First. The formation of sugar and fat, either from 
carbohydrates, or what, in this instance, is more prob- 
able, from albuminoid bodies brought by the portal vein, 
can no longer be doubted. The prevalence of liver- 
sugar and liver-fat in all that region of the venous cir- 
culation included between the liver and the lungs must 
be attributed to this source. That the sugar undergoes 
rapid metamorphosis in the pulmonary organs is -plainly 
proved by the effects of irritation of the pneumogastrics, 
which, interfering with the function of respiration, per- 
mit this substance to reach the aortic circulation, from 
which it is removed by the kidneys, diabetes arising. 
So far as the preparation and course of this sugar is con- 
cerned, the liver is a ductless gland. The production of 
fat appears to be inversely as that of sugar. 

Second. The bile is separated from the blood portion 
of the portal blood, and not from the products of di- 
gestion obtained from the chylopoietio viscera. The 
elements of bile pre-exist in the blood, and escape from 

What action has the liver upon young blood-cells ? Mention the 
four operations conducted in the liver. In what manner does the 
sugar produced disappear ? How does the bile escape from the por- 
tal veinlets into the biliary ducts ? 
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the portal veinlets to the biliary ducts by mere filtration 
or strainage. The precise source from which the bile is 
deri\:ed is probably the blood-cells, and in the changes 
they are undergoing the spleen is perhaps concerned. 
If this be so, the bile-duct is as much a duct for the 
spleen as it is for ttie liver itself. The bile may almost 
be looked upon as a hydrocarbon, containing a very 
changeable and therefore noxious coloring material ; 
this, when the secretion reaches the intestine, is parted 
from it and dismissed with the faeces, the proper hydro- 
carboi^ bein^ taken up by the absorbing arrangement 
for hydrocarbons, the lacteals, and so sent through the 
thoracic duct. Perhaps, also, by reason of its special 
adaptedness for th^t purpose, it aids in the absorption 
of other fats. 

At this point it may be remarked that the view here 
presented of the sugar-forming and bile-straining func- 
tions of the liver appears to be greatly strengthened by 
the anatomical construction of that organ. There is no 
obvious communication between the portal and hepatic 
veinlets save through cells, but the portal veins and the 
bile-ducts run in their ramifications side by side. 

Third. "Whatever part of the disintegration of old 
blood-cells takes place in the spleen, their final destruc- 
tion is doubtless accomplished in the liver, this being 
the immediate source of the bile itself. Though these 
metamorphoses are, to a greater or less extent, occur- 
ring throughout the circulation, it is in these two great 
glands that an opportunity is afforded for the destruc- 
tion to reach its completion, and the resulting product 
of waste to be removed ; nor is there any thing in this 
view at all contradictory to the opinion that all the con- 
stituents of the bile may be found in the general circu- 
lation. 

Fourth. The liver also aids in the preparation or ma- 
turation of young blood-cells in an indirect way. There 
are certain of the mineral constituents of the disinte- 
grated cells too valuable to be cast away, since they can 
subserve the duty of entering into the composition of 
young cells passing toward perfection. As such a sub- 
stance may be mentioned iron. This view of the action 

In what respects are the liver and spleen related ? How does the 
liver promote the maturation of young blood-cells? 
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of the liver appears also to be sustained by the large 
number of star-like and corrugated blood-cells occurring 
in the portal blood of fasting animals, and which are re- 
placed by such as appear to be young and perfect in the 
blood of the hepatic veins. It is not, however, to be 
supposed that all the iron is economized in this manner ; 
a considerable portion of it accompanies the pigment as 
an essenti^ ingredient, and is finally discharged through 
the intestine. 

OF THB DUCTLESS GLANDS. 

The salivary and sudoriparous glands discharge their 
secretion directly through ducts. The liver and kid- 
neys have upon their ducts an additional mechanism, 
the gall bladder in the one case, and the urinary in the 
other. These serve as receptacles for storing up the 
product of action in a temporary manner, and so con- 
verting the continuous effect of the gland into a period- 
ical result. In each of these instances we may arrive at 
conclusions of a certain degree of exactness respecting 
the functions and use of the gland from a study of the 
secretion it yields ; but there are in the system other 
glandular organs differing essentially from all the pre- 
ceding in not being furnished with ducts. These are 
the spleen, the thymus and thyroid glands, and the su- 
pra-renal capsules. 

Much diversity of opinion prevails respecting the true 
nature and action of these bodies. From their struc- 
ture bearing a resemblance to that of the preceding, 
with the exception of the absence of a duct, many have 
thought that, like them, they are really secreting organs. 
Others have supposed that they have a relation to the 
nutrition of the system, in giving origin to the develop- 
ment of cells, or that they are connected with the organ- 
ization of the blood itself; and that such is their duty 
is perhaps rendered probable by the circumstance that 
some of them, as the thymus and thyroid, exhibit their 
utmost development when the body is rapidly gi'owing, 
and diminish when maturity is reached. That they en- 
joy a community of action, or that their function can 
be vicariously discharged by other organs, has been 

Is all the iron economized in this manner? Give examples of , 
ductless glands. What are their supposed functions ? 
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clearly established by the result of operations in which 
one or other of them has been extirpated. 

With respect to the spleen, the views of Professor 
KoUiker are supported by many facts. He supposes 
that one of the chief functions of that gland is the disso- 
lution of the disorganizing blood-cells preparatory to the 
action of the liver, in which hsematin is to be converted 
into the coloring matter of the bile. In the discussion 
entered into respecting the origin of the bile, we have 
come to the conclusion that it is derived from the sys- 
temic venous blood, and in the supposition here present- 
ed respecting the functions of the spleen there is noth- 
ing contradictory, for it is to be remembered that the 
blood of the spleen is a constituent of the portal circu- 
lation. It ^so appears to be a general opinion that the 
spleen likewise maintains a mechanical relation to the 
portal mechanism by serving as a receptacle for any ex- 
cess' of blood, and thus relieving the vessels of pressure, 
or by acting in like manner when there is any obstruc- 
tion to the passage of blood through the liver. 

As our knowledge of the action of the ordinary glands 
becomes more accurate, the function of the ductless 
glands loses much of its peculiarity. As we have al- 
ready stated, in a certain sense the liver itself may be 
said to be a ductless gland, for it appears to be one of 
the constant duties of that organ to prepare sugar from 
materials in which it did not pre-exist. And this sugar 
does not escape through the hepatic ducts in company 
with the bile, but is taken directly into the system 
through the hepatic veins. But this principle of action 
is identically. what occurs in the case of every ductless 
gland, and hence it may be inferred that the changes 
impressed by them on the blood are necessary for the 
development. and nutrition of the system. If the doc- 
trine of KoUiker be correct, the spleen is only an appen- 
dix to the liver, and the same duct answers as a common 
outlet for both. 

Dr. Henry Draper inveslSgated the functions of the 
spleen in 1856 by the aid of microscopic photography. 
The system he followed was to take a drop of blood 

What seems to be the action of the spleen on blood-cells ? What 
mechanical daty does it also discharge ? What is in reality the duct 
of the spleen ? 
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from the splenic vein of an animal, and, at the same 
time, on an another slip of glass, a drop from an' artery 
in the leg. These were photographed, and the photo- 
graphs then submitted to a Qareful inspection and count- 
ing. The blood from the leg gave a standard of com- 
parison, and the effect of the spleen was of course fully 
seen in that issuing from the splenic vein. The conclu- 
sion he arrived at was, that " splenic venous blood con- 
tains at least double the general average of imperfect 
blood-discs, and therefore the spleen b an organ for the 
disintegration of the blood-discs." 
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OF THE KIDNEY. 

The non-gaseous product! of waste arising from oxi- 
dation in the functional activity of the system, the use- 
less materials, saline or otherwise, absorbed in the di- 
gestive tract, and carried into the circulatio n, must be 

What is the ratio of imperfect blood-discs found in photographs of 
the blood of the spleen ? 
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removed. GaBeous sabstancee and vapors may pass 
away through the lungs, but eolid material must be ex- 
creted in a state of solution iu water. To accomplish 
this object, a special mechamsm, the kidney, is intro- 
duced. 

In man the kidneys may be described as a pair of 
dark red ovoid bodies, placed one on each side of the 
vertebral column, in the lumbar region, the right kidney 
being a little lower than the left. In the adult the kid- 
ney is four or five inches in length, and is enveloped in - 
a mass of fat. Blood is brought from the aorta to sup- 
ply the organ by the renal or emulgent artery, and is 
carried back by the emulgent vein into the inferior vena 
cava. During its passage through the kidney there is 
removed from the blood a liquid secretion, the urine, 
which, flowing down a long channel, the ureter, is emp- 
tied into the bladder, from which it may be periodically 
removed. 

The supra-renal capsules are bodies of a yellow-red 
color placed above the kidneys. They are much larger 
in the fcetus than in the adult, and doubtless have a ref- 
erence to the peculiar conditions of respiration obtain- 
ing at that time. ^, ^3. 

The substance of the kidney is ' 

described as consisting of two 
portions, the cortical and the 
medullary or tubular, as seen in 
JF?^. 69, in which 1 is the supra- 
renal capsnle ; 2, the vascular 
Eortion of the kidney; 3 3, tubu- 
ir portion grouped into cones ; 
4 4, papillae projecting into cali- 
ces ; 5 5 5, the three infundibu- I 
la; 6, the pelvis; 7, the ureter. — ' 

SVilson.) From this it appears 
at the cortical substance is the 
external portion, and the tubular 
is grouped into cones, the base 
of each cone being outward, and 
the point toward the pelvis of Seaion ottiiekMner. 

What class of sabslancee is remored by the kidnej ? What is the 
position and Hnatomf of the kidne;? Where are the, supra-renal 
capeulea ? With what function do the; seem to be connected ? 
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the kidney. The cortical substance, however, envelops 
the cones nearly to their points. It is of a red color, 
and is the seat of the secreting action. The urine, as it 
arises, passes along the fine convergent vessels, the uri- 
niferous tubes, and these, coalescing as they approach 
the points of the cones, give origin to what are termed 
the ducts of Bellini. From these the secretion passes 
into the calicos, thence into the pelvis, and so along the 
ureter into the bladder. In the cortical substance there 
are large numbers of dark points, the Malpighian bodies. 
Their diameter is about xirr ^^ ^^ inch. 

Mr. Bowman has demonstrated that the minute struc- 
ture of the cortical portion is as follows : The urinifer- 
ous tubes, as they approach it, undergo bifurcation in 
such a way that the branches continually arising have, 
for the most part, a diameter of about -^^ of an inch. 
As they enter it they are contorted, and at their ends 
present small capsules or flask-shaped sacs. Each of the 
capsules is entered by a twig of the renal artery, which 
at once divides into loop-like branches constituting a 
tuft, and delivering the blood to a vein originating in 
the interior of each tuft. These structures are known 
as the Malpighian corpuscles. The vein and artery pass 
out of the corpuscles usually at the same point ; the 
vein, however, instead of delivering its blood at once to 
the renal vein, forms a plexus on the sides of a urinifer- 
ous tube. It is supposed that the exudation of the wa- 
ter of the urine takes place in the Malpighian body, and 
the secretion of the solid portions from the cells cover- 
ing the uriniferous tubes. 

The chief feature of this structure is, therefore, that 
in a sac formed upon a uriniferous tube, a tuft of capil- 
laries, the walls of which are of extreme tenuity, permits 
water to escape from the blood supplied by the emul- 
gent artery. The blood, thus concentrated by loss of 
its water, passes into the veinlets originating in the in- 
terior of the tuft ; these, converging into a little trunk, 
less in diameter than the twig of the emulgent artery, 
escape along with that vessel from the capsule ; but, in- 
stead of discharging its contents into the renail vein, it 

Describe the course followed by the urinary secretion. What is 
the constitution of the Malpighian bodies ? Describe the course of 
the circulation in the kidney. 
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ramifies in a plexus on the walls of a uriniferous tube, 
thus affording a miniature representation of the portal 
vein, beginning in a capillary sys- ji^g, 70. 

tern and ending in one. From 
the plexus the commencing capil- 
laries of the renal veins arise. 

Mr. Bowman's explanation of 
the Malpighian circulation is rep- 
resented in Mg. YO. a, branch 
of renal artery ; af^ afferent ves- 
sels ; m m, Malpighian tufts ; ef 
efy efferent vessels ; jt>, their plex- 
us upon the uriniferous tube; 8t^ 
straight tube ; ct^ convoluted tube. 

The urine of man is a clear, am- 
ber-yellow liquid, the average spe- 
cific gravity of which may be tak- 
en at 1.020, giving an acid reac- magram of Maf^hlan drcu- 

tion when first voided, but gradu- ^***'°- 

ally becoming alkaline and turbid. Its composition va- 
ries greatly with preceding states of the system, and the 
nature and quantity of the food. It amounts, in the 
course of a day, to from 20 to 60 ounces ; this, however, 
depending on the quantity of water that has been taken, 
and on the activity of the skin. Its solid ingredients 
vary from 20 to 70 parts in 1000 of the urine, the lead- 
ing substances being urea, uric acid, lactic acid, vesical 
mucus, epithelial d6bris, extractive, and salts. 

Viewed as a group, the constituents of the urine are 
evidently the oxidized residues of the system, which, un- 
able, from their not possessing the vaporous or gaseous 
form, to escape through the lungs, are, from their solu- 
bility iiT water, readily removed by the kidneys. The 
urea and uric acid are derived from muscular decay ; 
perhaps, of the two, the uric acid first arises, and is sub- 
sequently converted into urea ; this is not, however, its 
exclusive source, since the quantity of urea increases by 
the use of highly nitrogenized food. The mucus and 

• r M l , 

In what respect does it resemble the portal circulation ? Explain 
the diagram of the Malpighian circulation, Fig, 70. What are the 
properties and quantity of the urine ? To what class of substances 
do its constituents belong ? From what sources are the urea and uric 
acid derived ? 

I 
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epithelial debris are derived from the rnncons mem- 
brane lining the interior of the urinary apparatus. Of 
the salts, there are two of nnusual interest, the sulphates 
and phosphates, each having, like the urea, a double ori- 
gin, the food and^sue decay. Leaving out of consid- 
eration that part^hich has been supplied by the food, 
we recognize in the sulphates the final disposal of that 
sulphur which was once secreted by the liver, and sub- 
sequently reabsorbed. In the phosphates we recognize 
the oxidation of the phosphorus of the nervous vesicles 
during their period of activity. That portion of the sol- 
id constituents of the urin6 due to decay or retrograde 
metamorphosis is shown when an animal is exclusively 
fed on sugar. 

The composition of urine is not only disturbed by 
variations in the amount of its normal ingredients, but 
likewise, in morbid states, by the appearance of unusual 
ones. Among these may be more particularly mention- 
ed sugar, albumen, blood, bile, pus, fat. The presence 
of such abnormal ingredients is determined by chemical 
tests or microscopic observations. 

In his inaugural dissertation, entitled, " Is Muscular 
Motion the Cause of the Production of Urea ?" Dr. John 
C. Draper, by experiments on the urine of persons in 
different conditions of motion and rest, and by an ex- 
amination of the diurnal and nocturnal variations in the 
amount of urea voided, compared with an invariable 
standard, gives reasons for concluding that the differ- 
ences in the amount of urea excreted are almost entire- 
ly attributable to the influence of the food, an individ- 
ual in such a state of comparative rest as is observed 
during treatment for a fractured leg not excreting by 
any means so much less urea as might have "been an- 
ticipated when compared with another individual who 
walked thirteen miles at the rate of four and a half 
miles an hour. 

But, on examining the influence of food, it appears to 
be well marked. The greatest amount of urea is ex- 
creted within a few hours after dimmer. Another maxi- 

From what source is the mucns derived ? From what the sulphates 
and phosphates? What unusual substances may occur in urine? 
What reasons are there for supposing that urea is mainly due to the 
ingestion of food? 
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mum also occurs just after breakfast; but during the 
eight night hours far less is excreted than during the 
same period in the afternoon. 

The ingestion of food thus exercising so rapid and 
marked an influence on the quantity of urea, he refers 
to it as the cause of the increased excretion of that sub- 
stance during the course of the day rather than to the 
increased motion of exercise then indulged in ; and in 
view of this conclusion, it becomes probable that the ni- 
trogen of the wasting muscular tissues escapes, not un- 
der the form of urea through the kidneys, but through 
the skin^ or perhaps even as free nitrogen from the 
lungs. 

Of medicaments and other unusual substances intro- 
duced into the organism, those that are soluble in water, 
and have little aflinity for the constituent matters of the 
body, are removed in the urine. In this list are found 
a great number of salts escaping in this manner without 
undergoing any change ; such, for example, as carbonate 
of potash, nitrate of potash, bromide of sodium. Other 
substances undergo change previously to their elimina- 
tion, as, for instance, the alkaline sulphides, which be- 
come oxidized, and are then finally removed as alkaline 
sulphates. 

The anatomical construction of the Malpighian bodies 
has led physiologists to infer that there are two distinct 
stages in the secretion of urine. These have already 
been pointed out in the remark that the Malpighian 
bodies separate water from the blood, but that the solid 
ingredients are secreted from the delicate plexus of ves- 
sels covering the walls of the urinary tubes. Before ac- 
cepting this opinion, we may, however, observe, that the 
chief soHd constituents of the urine, as urea, uric acid, 
sulphates, and phosphates, pre-exist in the .blood, and 
are all soluble in water. It is not to be supposed that 
the water oozing through the delicate walls of the Mal- 
pighian tufts should leave such substances behind it. 
That the loss of water actually takes place in the tuft 
circulation appears to be proved by the fact that the 
vessel emerging from the tuft is less than the one enter- 

What saline snbstances are removed from the system bj the kid- 
neys ? What two stages are there in the secretion of urine ? How' 
is it known that water is lost in the tuft circulation ? 
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ing it; the yolume of blood is less by the amoant of ab- 
stracted water. 

We mast, moreover, take care that we are not de- 
ceived by a name. The vessel emerging from the tufts 
may be conveniently enough called a vein, but is there 
any proof that such is its physiological attitude ? There 
is no reason to believe that the blood has lost its arterial 
character while it has been in the tuft. At the most, it 
can only have lost the elements of urine. It id not until 
it is distributed in the plexus on the walls of the urinifer- 
ous tubes that it really gains the venous character, and 
then through nourishing those vessels, and particularly 
the cells of their interior. 

These considerations therefore lead me to the sugges- 
tion that the inorganic bodies, as urea, uric acid, sul- 
phates, and phosphates, pass out with the water in which 
they are dissolved Vhile the blood is yet circulating in 
the Malpighian tuft. The loss of velocity in the current 
by the arterial twig breaking up into so many vessels 
must, as Mr. Bowman states, greatly favor this transuda- 
tion, as does also the pressure that must arise from the 
blood having to pass through a narrow channel of exit, 
and still more through another capillary system just be- 
yond. It was arterial blood that entered the tuft, and 
it is arterial blood that emerges, to be then directed 
upon the walls of the uriniferous tubes. 

And now the question may arise. What is the object 
of this second capillary circulation ? Though the state- 
ment is often made that the constituents of the urine 
are the results of oxidation, it is very far from being 
strictly true. The analysis of urine shows that a very 
large proportion of them, classed as extractive,%are real- 
ly combustible bodies, and not far advanced in their ret- 
rograde metamorphosis. They retain still, as it were, 
the traces of organization ; they belong rather to the 
hydrocarbon family than to the nitrogenized. It may 
be that, for the removal of these, cell action is necessary. 

Whatever importance may be attached to such a sug- 
gestion, it is very dear that, notwithstanding the ex- 
treme thinness of the walls of the tuft vessels, the relax- 
ation in the speed of the blood current through them, 

Why must saline substances accompany it ? What is the object 
of this second capillary circulation ? 
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and the pressure brought to bear upon them, that water 
could not be separated by oozing through them unless 
there was an additional provision. The sac into which 
the exudation is to take place is already full, and it may 
be questioned whether ciliary motion in the uriniferous 
tubes would exert a sufficient exhaustion to relieve the 
interior of the capsule from pressure ; but the introduc- 
tion of a liquid of a different nature into the uriniferous 
tube may call at once into operation the principle acting 
in the capillary circulation of the blood, and thus the 
contents of the Malpighian sac are drawn forward into 
the uriniferous tube, just in the same manner that water 
is drawn from the inside of a bladder through the pores 
thereof by alcohol on the outside. 

THE MAHMABY GLANDS. 

The mammary glands are situated on various portions 
of the abdominal 8nd thoracic surfaces of animals of the 
class mammalia. In the higher members of this class 
they present the appearance of racemose glands, rudi- 
mentary in the males, but well developed in the adult 
females, especially after parturition. They separate from 
the blood the white secretion, milk. 

la different cases the number of mammae differs. In 
the human species there are but two, placed upon the 
thoracic surface, and from their position favoring the 
care and nursing of the child. Among other animals 
the number seems to have a relation to the number of 
young brought forth at a birth, there usually being a 
pair for each one. Many exceptions to this rule, how- 
ever, occur. 

The mammary gland corresponds in anatomical struc- 
ture to the parotid and pancreas. It consists of 15 or 
20 lobes, each from ^ to 1 inch in width ; these are com- 
posed of lobules, and these, again, of caecal vesicles. The 
excretory ducts are lined with tesselated epithelium. 
The ducts converge toward the nipple, opening upon it 
by 10 or 15 apertures, and in their course dilating into 
ampullae, of small capacity in women, but in the cow ca- 
pable of holding a quart. 

What is the mode of removal of the liquid from the Malpighian 
sac ? Describe the mammary gland ? What number is there usu- 
ally of them ? What is its anatomical construction ? 
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*%. n. Fig. 71, vertical section of the hu- 

man mammary gland : a a, ita pectoral 
sarface ; £ b, skin on surface of the 
gland; c, skin of nipple; <f, lobulea and 
lobes of gland; e, lactiferous tubes pass- 
ing from the lobules to the nipple. 

Milk globules are minute particles, 
varying in their diameter from the 
TT^rrr ^° the yrW of ^ inch. They 
consist of oily material inclosed in an 
envelope, as is shown by the fact that, 
though they will resist for a short time 
'^™™iT'ei™d!" '^^ action of sulphuric ether, they are 
finally dissolved by that anhstance. Be- 
sides these milk globules, there are other exceedingly 
p. ^ minute fat particles present. The 

milk which is first secreted con- 
tains corpuscles of considerable 
size, and of a granulated appear- 
ance, as seen in the photograph, 
I Mff. 72. They are called colos- 
I tmoL corpuscles. They are solu- 
])Ie in etner, and therefore con- 
tain fat. There is reason to sup- 
pose that all the fat globules of 
the milk are inclosed m cyst-like 

HliK with uHoUnl corptiHcJefl. _ n- i i. -_ 

' pellicles of casein. 

In the chapter on food (Chapter II.), a general de- 
scription of the character and constitution of milk has 
been given, together with its physiological relations in 
nutrition. It may now be added that fresh milk pre- 
sents an alkaline reaction. Left to itself, and the more 
quickly the warmer the air, milk turns sour through the 
production of lactic acid, the casein undergoing coagu- 
lation. That the oil globules just spoken of are coated 
with a film of a coagulated protein body appears from 
the drcnmstance that it may be dissolved by acetic acid, 
and the included butter is then set free. 

The composition of milk varies with many circum- 
stances. Thus, among cows. It is well known that there 
are certain breeds yielding a milk in which butter pre- 

DescribG the section, Fig. 71, Whal are milk globntesP What is 
colostnim 7 What are the properties of milk F 
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domiDates ; in others, a milk containing an excess of 
casein. It is in reference to this that such are, among 
agricultural people, often described as good butter cows, 
or good cheese cows, as the case may be. Such varia- 
tions are likewise often popularly referred to peculiari- 
ties in the color of these animals ; and, indeed, there is 
a general impression of the same kind as respects the 
milk of women, that that of fair women is inferior to 
that of brunettes. 

As would be expected, the constitution of the milk 
varies greatly with the diet. Simon found that in the 
case of a very poor woman, who had been almost de- 
prived of the necessaries of life, the quantity of solid ma- 
terial was only 8.6 per cent. On givmg her a nutritious 
meat diet it rose to 1 1 .9 per cent. Being again reduced, 
by circumstances, to the utmost destitution, the solid 
residue sank to 9.8 per cent. ; and on once more being 
supplied with nutritious meat diet, the percentage rose 
to 12.6, 

The diurnal quantity of milk yielded by the human fe- 
male has been estimated at from 32 to 64 ounces. This 
estimate is made by determining the weight of the in- 
fant before and after suckling. Although a certain pro- 
portion is present in the gland, the secretion appears to 
take place for the most part with great rapidity. On 
the application of the infant the blood flows suddenly, 
and the milk pours into the ducts, constituting what is 
termed the draft. 

We now enter on a consideration of the function of 
the mammary gland, with a view of determining wheth- 
er it acts in virtue of its special construction, whether it 
fabricates in itself, by the agency of cells, the proximate 
constituents of milk, or whether it merely strains them 
from the blood in which they pre-exist. 

Due weight should here be given to the fact that, un- 
like the excretions of the lungs, the kidneys, or even 
the liver, the milk contains a large percentage of histo- 
genetic or formative bodies. Its casein can not be con- 
sidered as in the career of retrograde transformation. 

In what respect does its composition vary ? What eiFect have va- 
riations of diet on milk ? What is its diurnal quantity ? How is it 
<known that the structure of the mammaiy gland is not essential to 
the secretion of milk ? 
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since in the body of the infant it is presently changed 
into albumen. Such a fact might even lead us to sus- 
pect that we should detect some essential structural and 
functional differences between the mammaB and other 
glands. 

The influence of special structure is, however, dis- 
posed of by the'numerous well-authenticated cases now 
on record, in which portions of the skin, or the stomach, 
the navel, intestines, the axilla, and glands in the g/oin 
have assumed a vicarious action, and secreted milk; 
and though it has been said of the latter instance that 
it may be nothing more than an obscure manifestation 
of an attempt in the human species at a repetition of 
the mammary gland in a region near which it is- nor- 
mally present in the lower mammals, such a remark has 
no application in the other cases. We may therefore 
infer that the proximate constituents of the milk are 
not manufactured by reason of any special structure of 
the gland secreting them, since other structures can as- 
sume a vicarious action. 

This therefore narrows our inquiry down to the point. 
Does the mammaiy gland merely filter off from the 
blood substances already existing in it, or, those sub- 
stances not so pre-existing, are they made in this organ 
by cells ? 

Of the proximate elements of milk, many, such as the 
entire group of its salts, are acknowledged qp all hands 
to pre-exist in the blood ; and these, constituting about 
^ of its solid ingredients, must be admitted to pass 
into the secretion by strainage onlj^. Of the other sol- 
id ingredients, the fat, constituting about one fourth, 
also exists in the blood, being derived by lacteal absorp- 
tion from the food. 

Do milk-giving animals, then, find in their ordinary 
diet a sufficient quantity of oleaginous material to sup- 
ply the drain established through the mammary gland, 
and the calorifacient demand, supposing none to be 
made in the system ? The researches of Dumas have 
definitely settled this question. Of these the following 
is an abridgment : 

What instances of vicarious action have been recorded ? Do the 
salts of milk pre-exist in blood ? Do the hydrocarbons exist in . 
food? 
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Fat in Articles of Forage, 

Indian Com 8.75 percent. 

Rice 1.00 ** " 

Oats 3.30 " " 

Rye 1.76 " " 

Wheat 2.10 " " 

Dry Hay 2.00 ** " 

- Clover in flower 4.00 " *♦ 

Wheat Straw 3.20 " " 

Oat Straw 6.10 " " 

Beet-root 0.06 ** " 

Potatoes 0.08 " ** 

A COW in good condition, eating 100 pounds of dry 
hay, will furnish 21 quarts of milk, from which there 
can be obtained IJ pound of butter. If this butter was 
obtained exclusively from the food, and none made in 
the system, we ought to find in the 100 pounds of dry 
hay \\ pound of fatty matter; but sulphuric ether can 
remove from such hay 2 pounds, and in several speci- 
mens of clover cut in flower, M. Boussingault found the 
proportion as high as 4 per cent. We may therefore af- 
firm, relying on the universal experience of farmers, that 
the hay eaten by a milch cow contains more fat matter 
than the milk she yields. 

There are many facts showing that the identical fat 
occurring in the food is actually delivered by the mam- 
mary gland with many of its qualities unchanged. 
Thus, if by chance cows eat the tender shoots of pine- 
trees, or wild onions, or other strong-smelling herbs, 
the milk is at once contaminated with the special flavor 
of their oils. The same, too, takes place when turnips 
are introduced in their diet. If half the allowance of 
hay for a cow is replaced by an equivalent quantity of 
linseed-cake, rich in oil, the cow maintains herself in 
good condition, but the milk produces a butter more 
than usually soft, and tainted with a peculiar flavor de- 
rived fron^ the linseed oil. 

To the preceding facts it is unnecessary to add any 
observations in relation to the carnivorous animals, 
which obviously find in their prey large quantities of 

Mention the percentage of fat in some of the leading articles of 
forage. What general conclusion is come to in the case of the milch 
cow ? How is it known that the identical fat of the food occurs in 
the milk ? 

12 
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fat. In the chapter on calorifacient digestion, and in 
that on the functions of the liver, the evidence was pre- 
sented both as regards the reception of oily material 
from the food, and likewise its fabrication in the system. 
From these sources conjointly it may therefore be plain- 
ly seen that fats of various kinds must always exist in 
the blood. A simple arithmetical computation, found- 
ed on the data furnished by the tables of the constitu- 
tion of blood and of milk respectively, will show that 
there is at any moment a sufficient supply of fatty mat- 
ters in the blood to furnish two thirds of the diurnal 
amount of milk. It does not seem, therefore, philosoph- 
ical, under the circumstances, to impute to the mamma- 
ry gland a power of forming butter. 

Next of the casein. There has been much controver- 
sy among chemists respecting the existence of casein as 
a normal ingredient in the blood. Theoretically there 
does not appear any solid reason for denying that it 
may be one of those constituents, considering its analo- 
gy of constitution to albumen. The evidence is much 
more distinct and positive in the case of puerperal blood, 
and is greatly strengthened hf the recognized tendency 
to the occurrence of kiestine m the urine during gesta- 
tion. 

The occurrence of casein under the form of kiestine 
in the urine, in quantity increasing as gestation ad- 
vances, indicates therefore that the system is assuming 
a propensity for the generation of this substance from 
its albuminoid compounds ; and since, in cases of starva- 
tion, the percentage of casein in the milk does not seem 
to be materially affected, we are to attribute its imme- 
diate source to the system rather than to the food. In 
this respect it differs from the oily constituent, butter, 
the percentage amount of which is instantly affected by 
variations in the nature and quantity of the food. It 
would seem, indeed, that, from the same plastic ingre- 
dient, albumen, the soft tissues of both mother and in- 
fant are fabricated, with this difference, that in the lat- 
ter case the temporary condition of casein is intermedi- 
ately assumed. There is reason to conclude that casein 

What quantity of fatty matters exist in the blood ? What rea- 
sons are there for supposing that casein exists in the blood ? Under 
what circnmstances docs kiestine occur ? 
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is directly derived from the system, which can manufac- 
tur0 it at a rate of about 30 grains per hour, this be- 
ing about one half the quantity of fibrin generated in 
the same period of time for the support of the muscular 
tissues. Chemically, the transition from albumen to 
casein is not to be regarded either as an ascending or 
declining metamorphosis, but only as the temporary as- 
sumption of a state of passage onward to the condition 
of fibrin. • 

The remarks just made respecting the origin of casein 
are applicable to the saccharine constituent of the milk, 
the origin of which is not to be attributed so much to 
the food directly as to the system; for, in starvation, 
sugar, like casein, still continues to foim to nearly the 
normal amount. I think it is probable that its produc- 
tion is due to the liver, and is, in reality, nothing more 
than an indication of the continued action of that gland, 
one of the prime functions of which is the generation of 
saccharine compounds. 

From the data now before us respecting the origin of 
the different constituents of the milk, casern, butter, sug- 
ar, and salts, we are able to come to a definite conclu- 
sion regarding the physiological action of the mammary 
gland. I have entered on this disquisition from the im- 
portant bearing the decision we arrive at has upon the 
whole theory of secretion ; for if there be a gland in the 
body in which we should expect to find proofs of forma- 
tive power, through the agency of cell life or otherwise, 
in giving rise to products that do not pre-exist in the 
blood, it is certainly the mammary. But now, as it ap- 
pears that all the constituents its secretion contains are 
found in the blood, we can scarcely suppose that the 
gland itself does more than merely strain them out ; of 
course, in common with all such structures, it possesses 
what might aptly be termed an elective filtrating pow- 
er ; thus it permits the exudation of the iodide of potas- 
sium from the blood, but refuses a passage to the ferro- 
cyanide. And, finally, the conclusion we thus come to 
recalls the remark heretofore made, that the more thor- 

What quantity of casein can the system produce in an hour? 
What is the ori^n of the sugar of milk ? To what conclusion may 
we come respecting the action of the mammary gland ? How does 
this hear on the general theory of secretion ? 
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oughly we study the secretions delivered by the various 
glands, and the more perfectljr we identify the sources 
&om which their constituent ingredients have been de- 
rived, the more we should be disposed to impute gland- 
ular action to the physical process of elective filtration, 
and the less to the agency of cell life. 

OF THE SKIN, 

The skin is composed of two layers, the epidermis or 
cuticle, and the derma or cutis. It contains two sys- 
tems of glands, one for the removal of water, and an- 
other for that of .oily substances. It also presents sub- 
sidiary parts or appendages, such as the naUs and hair. 

The epidermis, or exterior portion of the skin, origin- 
ates from the cutis. It has a different thickness in dif- 
ferent parts ; the contrast, in this respect, being very 
well shown upon the soles of the feet and the eyelids. 
In this respect its use is mechanical. It serves as a pro- 
tective covering to the parts it envelops, being thick 
where pressure and hard usage have to be provided for, 
and thinner where there is a necessity for motion. It 
consists of an aggregation of nucleated particles adher- 
ing together, the deepest. being granules, the intermedi- 
ate more perfect cells, which gradually become flattened 
scales as they are examined nearer the surface. They 
undergo constant exuviation, and are as constantly re- 
placed from beneath, the superficial ones becoming dry 
and horny, thus furnishing a resisting tegument. 

At one time it was supposed that the rete mucosum, 
or layer of Malpighi, which is the lowest portion of the 
cuticle, and therefore resting on the cutis, is a distinct 
structure. It is, however, merely •the most recently- 
formed portion of the cuticle. The netted appearance 
it presents originates in the eminences of the papillary 
structure below. Many of its constituent particles con- 
taih coloring matter, especidly in the dark races. The 
pigment seems to be produced by the agency of the 
sunlight and continued high temperature, though it dis- 
appears gradually as the cells containing it approach the 
surface. It yields a very large percentage of carbon. 

Of how many layers is the skin composed ? What is the struc- 
ture and use of the epidermis? What is the rete mucosum and its 
origin ? 
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Beneath the epidermis is the derma or trne skin. It 
is composed of fibrous tissue, which also serves to con- 
nect it with the parts beneath, blood-vessels, lymphatics, 
and nerves. In its areolar tissue both the^ white and 
yellow fibrous elements are found, the proportion of 
each varying according tA the mechanical function the 
part has to discharge, the yellow predominating where 
elasticity is required, and the white where a resistance 
to pressure. The derma also contEuns organic muscular 
fibres, to which its property of corrugation, i& in cutis 
aneerina, is due. On different parts it is 6f different 
thickness, being thinnest where motion has to be pro- 
vided for. A deposit of fatty material, lodged beneath, 
gives it a yielding support. Its outer anrmce presents 
a papillary structure, the instrument of touch. This is 
more perfectly developed on the inner surface of the 
palm of the band and fingers. The furrowed aspect of 
the cutis arises from this. A farther consideration of 
the mechanism and fanctions of the papillae is deferred 
to the description of the sense of touch. 

The photographic engraving, Mg. 73, represents a thin 
section of the epidermis of the foot of the dog. 

The general method of arrangement of the constituent 
portions of the skin may be gathered from the perpen- 
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dicular eectioD of that of the external auditory meatus in 
Fig. 74 (page 205), a, the derma ; ft, rete muoosum ; c, 
horny l&yer of epiderma ; d, coil of ceruminoua elands ; 
e, their excretory ducts ; /, their apertures ; g, hair-sacs ; 
A, sebaceous glands ; i, masBeB of fat. 

The SuDORiPABOtiB GujUDS originate in depreesions 
of the cutis or tissaes beneath, occurring in some parts, 
as in the axilla, more nnmerouBly than in others. They 
consist of a tube wound on itself, and sometimes divid- 
ing in convolnted branches. The knot thus arising is 
contained in a cell, the wall of which ia copiously sup. 
plied with blood-vessela : the duct passes Uirough the 
superjacent tissaes. The tube is formed of a cyiinder of 
basement membrane lined with epithelium. The base- 
Piii_ TB. nient membrane may bo considered to be 

i derived from the outer surface of the pa- 

pillse, and the epithelium is an external 
projection of the cuticle. The dnct, on 
Its passage outward, loses its basement 
membrane as it escapes between the pa- 
piljee; and it has a spiral or helical as- 
pect, an arrangement probably intended 
to keep the calibre open. It is estimated 
that tne number of sudoriparous glands 
is about seven millions, and the total 
len^h of their tubing about 28 miles. 

Mg. 76 is a sudoriparous gland from 
the palm of the hand r a a, knot of tubes 
with two excretory ducts, b ft, uniting 
into a helical canal, which perforates the 
epidermis at c, and opens on its surface 
at d: the gland is imbedded in fat vesi- 
cles aXeeee. 

The S^BACEOtTS Glakds are distribu- 
sufloHp-rons gUni, t^d In different abundance in various 
m»eiufled«o diun- parts, their office being to lubricate the 
hair, to keep the skin in a flexible condi- 
tion, and avoid the inconveniences of friction. Their 
ducts open either into the hair follicles or upon the cn- 
ticular Biirfaoe; the gland consisting of basement mem- 

Deacribe Ihe section, Fig. H. Describe the Budoriparona glands. 
What is the lenEth of their lubing ? Describe Fig. 76. 'Whiil is the 
office of the eebaceons (glands ? 
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brane lined with epithelium, the cells of which, as they 
reach maturity, become filled with a sebaceous or oily 
material. The ear glands of this class secrete a waxy 
matter. 

Such being the construction of the skin, we have next 
to speak of its action. It discharges a double function : 
1st, as an excreting, and 2d, ^s an absorbing organ. In 
this respect it has an analogy with the mucous mem- 
brane, which, indeed, is a reflection or continuation 
of it. 

The skin permits water, saline and fatty substances, 
to escape from it in quantities differing on different por- 
tions of its surface, the nature of the secretions varying 
to meet local requirements. Inf the examination we are 
now entering upon, we shall speak of these substances 
and their proportions in a general way, overlooking, for 
the time, ithe particular variations. Yet that such vari- 
ations exist is clear on the most superficial observation. 
The sweat of the feet differs from that of the general 
surface, as, again, does that of the arm-pits. 

It has been usual to distinguish the watery transuda- 
tion into two portions, that escaping from the perspira- 
tory ducts, and that passing through the surface of the 
cuticle. . It has even been said that the true glandular 
secretion passing from the ducts is not more than one 
sixth of the total cutaneous exudation ; but this, I be- 
lieve, is altogether erroneous. When we recall thfe im- 
permeable nature of the horny and dried scales consti- 
tuting the outer portion of the cuticle, and that these 
are constantly coated over with an oily varnish issuing 
from the sebaceous glands, we may infer that the cuta- 
neous surface between the mouths of the perspiratory 
ducts is constructed rather for the hinderance of evapo- 
ration than for its promotion ; and though the oily mat- 
ter with which the skin is thus imbued is justly regard- 
ed as having for one of its functions the prevention of 
injury from the admission of external moisture, it must 
be equally effectual in stopping the escape of water from 
within. The tardy manner in which water thus escapes 
is illustrated by the operajjon of blisters. 

What functions does the skin discharge? What snhstances es- 
cape with the water of perspiration ? In what manner is the water 
removed ? 



208 OF EXHALATION — OF PBBSPIRATION. 

Under the form of steam, water continnally escapes 
from the skin. It also, on certain occasions, issues in 
the liquid state as drops of sweat. To its escape under 
the form of steam the designation of exhalation or in- 
sensible perspiration is given ; but if under the form of 
sweat, that of sensible perspiration. 

Of Exhalation. — On condensing the vapors arising 
from the skin, they are found to consist of water con- 
taining a little acetate of ammonia. With the water 
likewise escapes carbonic acid gas. From the experi- 
ments of Valentin, the average of loss of water through 
the skin is two pounds and nearly half an ounce a day. 
Seguin's experiments would make it two pounds and 
three quarters. It has been shown in Chapter X. that 
the action of the skin is partly meteorological : the 
amount of water passing through it depends on the 
dew-point, the atmospheric temperature, the conducti- 
bility and perviousness of the clothing. Whatever phys- 
ical circumstances promote surface evaporation corre- 
spondingly promote the action of the skin. Moreover, 
this membrane acts vicariously with the kidneys, and 
this not only as regards the water, but also as regards 
the solid matter, a large amount of which is thrown off 
in the course of the day. 

Of Pebspibation. — When the atmospheric tempera- 
ture is high, and more particularly if muscular exertion 
be resorted to, the quantity of water issuing from the 
perspiratory ducts is so great that it can not be evapo- 
rated. It then exudes as drops of sweat, which become 
mingled with the oily secretion prepared by the seba- 
ceous glands. From this commingling it is scarcely pos- 
sible to obtain the sweat, in an unoontaminated condi-. 
tion, suitable for analysis, or even to exclude the detri- 
tus of the cuticle itself. In a thousand parts of sweat 
there are from five to twelve and a half parts of solid 
material. 

I have spoken of the double action of the kidney, its 
mechanism for removing saline solutions, and also that 
for combustible material. The functions of the skin are 

"What is meant by sensible and insensible perspiration respectively ? 
What estimates hare been m^de of the quantity of water thus re- 
moved? Why does the skin act in a variable manner? What 
quantity of solid material is found in perspiration ? 
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similar. It is not a mere analogy that exists between 
the action of these organs ; the occurrence of urea and 
of the salt substances, in both secretions, is a fact of the 
utmost significance. I believe that the sudoriparous 
glands are the counterparts of the Malpighian bodies, 
and the sebaceous glands, in their function, are the coun- 
terparts of the uriniferous tubes. 

Besides exercising the functions of exhalation and per- 
spiration, numerous facts demonstrate that the skin ex- 
erts an absorbent action. The endermic application of 
remedial agents establishes this in a satisfactory manner. 
That water can find access in this way is shown by the as- 
suaging of the thirst on taking a bath ; nor is the amount 
insignificant, since it may give rise to a considerable m- 
crease of weight. Gaseous substances also find entrance 
through the skin. If the hand be put into a bell-jar con- 
taining oxygen, nitrogen, or carbonic acid at the pneu- 
matic trough, absorption of those gases ensues. Proba- 
bly it is a standard function of the skin to permit a par- 
tial arterialization of the blood, atmospheric oxygen bas- 
ing exchanged for carbonic acid through it, an action 
the residual trace of the community of function between 
the skin and mucous membrane. In the case of some 
animals this cutaneous respiration is well marked. 

Recapitulating now the more important actions of the 
skin, the following statement may be made : It regu- 
lates, to a certain extent, the amount of water in the 
system, disposing of it, as the case may be, either as 
sensible or insensible transpiration. The water doubt- 
less m^ntains its liquid condition until it presents itself 
at the mouths of thQ sudoriparous ducts, moistening the 
general surface of the skin, and then being evaporated ; 
• or, if the supply be greater than can be ^us removed, 
it accumulates as drops of sweat. There appears to be 
no substantial reason for believing that any portion of 
water transudes directly through the structure of the 
cuticle, since the scales composing it are of an impervi- 
ous and almost horny nature, and their interspaces are 
fortified against any such leakage by the oily exudations 

What is meant by the double action of the skin ? What analogy 
does it bear tp the action of the kidney ? How may it be shown 
that the skin absorbs^ water ? How may it be shown that it absorbs 
gases ? Give a summary of the action of the skin. 
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of the sebaceous glands. With the water thus present- 
ing on the surface are many compounds which are also 
constituents of the urinary secretion. Among these, urea 
may be particularly pointed out, thus indicating a simi- 
larity of instrumental action between this organ and the 
kidneys, and this is farther substantiated by both con- 
taining provisions for the elimination and escape of the 
hydrocarbons ; but besides these direct functions there 
are other very important collateral agencies the skin ex- 
erts, and particularly as a regulator of temperature. In 
this respect the action is, to a certain' extent, meteoro- 
logical. But this has been previously treated of so much 
in detail that it is unnecessary to resume the considera- 
tion ofit now. 



CHAPTER Xm. 

OF THE NERVOUS SYSTEM. 

Divisions of the Nervous System, — Cerebro-spinal and 
Sympathstic, — Mbroiis and Vesicular. 

Structure and Mcnctions of Nerve Mbres. — Centripetal 
and Cerdrifugal, — Raie of ConductihUUy. 

Anatomical Mcamination of the Structure and Func- 
tions of Nerve Vesicles. — They diffuse Influences^ are 
Magazines of Force, — Element of Tim^ introduced 
by Megistering Ganglia, — Oxidation necessary to 
Nerve Activity, — Necessity of JR^pair and Hest — 
Electrical Examination of the Minctions of Vesicles. 
— Anatomical and Electrical Examinations agree. 

Vestiges of Impressions and their Interpretation, — Fi- 
nite Nature of Knowledge, — Mental Emotions, 

The nervous system is regarded as consisting of two 
portions, the cerebro-spinal and sympathetic. The for- 
mer is composed of the spinal cord, the brain, the nerves 
proceeding from them, and their ganglia ; the sympa- 
thetic is composed of a series of ganglia, united by inter- 
communicating threads on each side of the vertebral 
column, and supplying branches to the coats of the 

Into what portions is the nervous system divided ? 



NEBYE FIBRES OB TUBES. 211 

blood-vessels and viscera of the great cavities. Both 
portions contain two kinds of structure, a fibrous and a 
vesicular. 

Of the PIBEOUS there are two varieties, one belonging 
to the cerebro-spinal, and the other to the sympathetic. 
The former may be described as a delicate membranous 
tube, containing a semi-fluid material, and presenting 
under the microscope a pellucid glassy appearance when 
examined in the recent state ; a spontaneous separation 
or partition, however, soon ensues, a white material or 
medulla appearing immediately within the membranous 
tube, and affording a contrast to the portions toward 
the centre or axis. In this state the nerve-tube presents 
the appearance of parallel lines toward its periphery, 
the outer one corresponding to the membranous sneath, 
and the inner to the internal limit of the coagulated ma- 
terial. In this condition the tube is very prone to as- 
sume a beaded appearance, either by the mfluence of 
pressure, or spontaneously. Names have been given to 
distinguish these parts fcom each other; the central 
grayish portion is called the axis cylinder or axis band, 
since it may be of a flattened shape ; and the material 
surrounding it, intervening between it and the membra- 
nous investment, is designated the medulla or white sub- 
stance of Schwann. There can be* no doubt that the 
membranous tube, the white substance, and the axis cyl- 
inder discharge different physiological functions. In 
cheniical composition they also differ : the tube is a ni- 
trogenized structure, the white substance oleaginous, 
and the axis cylinder is supposed to be nitrogenized 
also. In the first development, the axis cylinder is first 
formed, and the white substance then cast round it. 

If a portion of a nerve, a, 
Mg, 76, be placed in concen- 
trated acetic acid, the axis 
cylinder of its included tubes 
will, in the course of a day or ^^ ^"°^' «^ °«^^- 

two, be seen protruding in a brush-like form, as at 5, the 
effect being very well shown when the nerve is suflS- 

What structures do both contain ? How many varieties of the 
fibrous are there ? Describe the cerebro-spinal. What is the ap- 
pearance of such a nerve-tube after death ? Where is the white sub- 
stance of Schwann ? What e£fect is represented in Fig. 76 ? 
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ciently slender to be subsequently examined by the mi- 
croscope. . 

Of fibres, arranged parallel to each other in bundles, 
the bundles united by fibro-cellular tissue, nerves are 
composed, the tissue not only accomplishing that me- 
chanical object, but also affording a nidus for blood-ves- 
sels, running in a course parallel to the nerve fibres. 
Though we have spoken of those fibres as cylinders, 
they, in reality, approach more nearly to the figure of 
acute con^s, since, though their diameter is from the 
flo^oo to the TvVc of an inch in the nerve trunks, they di- 
minish to the 10000 Q^ ^^^ 14000 ^^ ^^ ^^^^ ^ ^^^7 
reach the nerve centres, and, in the same manner, their 
diameter becomes less as they branch off in their periph- 
eral distribution. 

The sympathetic fibres differ from the preceding in 
appearance. Being of a yellowish-gray color, and only 
about half as large, they do not show the separation into 
an axis cylinder and white investment after death, as is 
the case with cerebro-spinal fibres ; they may therefore 
be regarded as being more homogeneous in their con- 
struction, or possessing a constitution like that of the 
other kind of fibres when they undergo diminution and 
approach their central or peripheral termination. Even 
in the cerebro-spinal fibres the quantity of white sub- 
stance present is very variable ; the retina, the olfactory 
organ, and the Pacinian corpuscles furnish instances of 
its absence. The sympathetic, gray, or gelatinous fibres, 
as they are indifferently called, contain many nucleated 
corpuscles, rendered very distinct by the action of acetic 
acid. 

Nerve fibres terminate in various ways. Their ends 
may thin out and become free, or they may form a loop, 
and so return back in their course. Each nerve runs in 
an unbroken line from its origin to its termination, but 
between the adjacent ones intercommunication is estab- 
lished by the formation of plexuses. On the other hand, 
as the fibres are preparing to enter nervous centres, the 
membranous tube dilates so as to receive a nerve vesi- 

Why may these fibres be spoken of as cones? Describe the sym- 
pathetic fibres. What relation do they bear to the cerebro-spinal ? 
In what modes do nerve fibres terminate? In what manner are 
they attached to the vesicles ? 
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ole, with which the diaphanous axis cylinder is thus 
broaght in contact. Where corpasclee are received 
into Uie membraDons sheath, it is not always certain bnt 
that the fibre has some other termination beyond. 

The yEsictii,AB nervoas substance is composed of nu- 
cleated cells, containing a granular BubstaDce, with which 
there are intermixed, especially near the nuclei, pigment 
grannie^. These granules, however, are sometimes ab- 
' sent, as in the vertebrata. The nucleus of each gangli- 
onic vesicle often presents a nucleolus ; the diameter of 
the vesicle varies from -^^ to j^m of an inch. These 
vesicles are found in the nerve centres, their coloring 
material communicating to those parts the p,ecnliar tint 
they display. In shape they vary very much, some be- 
ing spherical, some ovoid, and others caudate, exhibit- 
ing processes filled with grannies, or which, becoming 
eventually transparent, communicate with similar pro- 
cesses from other cells, or are continnous with the axis 
cylinders of the nerve-tubes. The ««. ts. 

axis cylinder is perhaps a continua- 
tion of the nucleus of the cell. The 
ganglion vesicles, as they are term- 
ed, are characterized by contuning 
a lasge amount of phosphorized oil, 

5%. TT. 
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• 

of a fibre ; a, sheath of the cell and nerve-tabe, contain- 
ing nuclei ; b, cell membrane of the nerve-cell. 2. Cell, 
with the origin of a fibre withoat sheath ; b^ cell mem- 
brane of the nerve-cell. 3. Nerve-cell, deprived, in the 
preparation of it, of its membrane and external sheath. 

Mg, 18 (page 213), bipolar nerve-cell of the pike, con- 
tinued at each end into nerve-tubes, a, sheath of the 
nerve-cell; d, sheath of the nerve; o, medulla; e?, axis 
cylinder continuous with the contents of the nerve-cell, 
6, which have shrunk away from the sheath after action 
by arsenious acid. 

JFig. 79, caudate nerve vesicle of the multiple kind : 
a, the nucleated vesicle ; d, its processes. These prob- 

Fig. 79. 




Multipolar nerye-celLs, magnified 200 diameten. 

ably are continuous with the axis cylinders of the nerves, 
in connection with the vesicle. 

FUNCTIONS OF NEBYE FIBBES. 

That tiie function of nerve fibres is to conduct impres- 
sions, is proved by many different facts. On putting a 
ligature round a nerve, or cutting it across, it no longer 
transmits the usual influences. A more critical exam- 
ination shows that impressions made on the external ex- 
tremities of a nerve are conveyed by it to the centres, 
and the influences originating in the nervous centres are 
conducted along such trunks to the parts to which they 
are distributed. This double duty therefore implies 

^ What are unipolar, bipolar, candate yesicles ? What is the func- 
tion of nerve fibres ? What is the effect of a ligature or section of a 
nerve? 
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that there are two classes of fibres, the centripetal and 
centrifugal, though thus far no structural difference be- 
tween them has been detected. They can not of them- 
selves either originate impressions or motions, these in 
every instance arising from external or central agency. 
The centrifugal fibres^when cut across, may show no ef- 
fect if the part still remaining attached to tne nerve cen- 
tre is irritated ; but if the other part connected with the 
periphery be pressed upon or pinched, muscular contrac- 
tion, that is, motion, results. If centripetal fibres be ex- 
amined in like manner, the part connected with the pe- 
riphery being irritated, no result arises ; but if the part 
connected with the centre be irritated, sensations, gen- 
eral or special, as the case may be, are perceived. These 
several effects ensue when the motor or sepsory nerve is 
intact ; for, on irritating the one or the other, motion or 
sensation, as the case may be, is produced. If the whole 
trunk of a centripetal nerve be irritated, the mind refers 
the sensation to all those parts to which the branches 
of that nerve are distributed ; if a part only, then the 
sensation is limited to those portions to which the fibrils 
of that part go ; but, besides this, the mind also recog- 
nizes the particular spot upon the trunk to which the ir- 
ritation has been applied. In like manner, when the en- 
tire trunk of a centrifugal nerve is irritated, all the mus- 
cles it supplies contract ; or, if only a part, then those 
muscles supplied from that part. From the anatomical 
fact that a nerve fibre does not anastomose with its 
neighbors, the influences it conveys are transmitted 
along it without any lateral difiusion, and every fibre 
discharges one duty, and one alone. The centripetal 
can never assume the function of the centrifugal ; and 
in the case of nerves of special sense, there is the same 
restriction : the optic nerve can not transmit the impres- 
sions of sounds, nor the auditory the vibrations of light ; 
the nerves of common sensation are affected neither by 
one or the other, but they are by variations of tempera- 
ture. The velocity with which these influences pass 
along nerve fibres is indefinitely less than that with 
which electricity ftioves in a metal conductor. Thus 

How many classes of fibres are there? What is the effect of irri- 
tating a sensory or a motor fibre? Do nerve fibres ever discharge 
more than one function ? 
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far, however, no satisfactory measnre of it has been ob- 
tained. The experiments of Helmholtz give, for the 
rate of propagation, from 83 to 88 feet per second in the 
frog, and in man 200 feet, the velocity rising with the 
mean animal heat. It can not be denied that there is a 
general resemblance between th^ manner in which a 
nervous fibril transmits its influences and that in which a 
conducting medium conveys an electric current, though 
the velocity may be very different. There is a resem- 
blance between the arrangement of the axis cylinder 
surrounded by its white substance and membranous 
tube, and that of a metalline wire wrapped round with 
silk, or other non-conducting material in many electrical 
arrangements. An electric current artificially transmit- 
ted along a nerve trunk will, as the nature of that trunk 
may be, give rise to muscular contraction, or produce 
general or special sensations, or originate reflex action. 
For these reasons, it has long been supposed, by many 
physiologists, that the influence passing along nervous 
fibres is analogous to electricity, if it be not identical 
therewith ; but all attempts to prove the existence of 
an electric current, either in the centripetal or centrifu- 
gal fibres, have thus far been abortive. 

FUNCTION OF NBBVE-CELIi3. 

The nervous fibres having for their duty the conduc- 
tion of external impressions and the transmission of 
nervous influences, the nerve-cells or vesicles are for the 
reception of those impressions and the origination of 
those influences. The nerve centres or ganglia are made 
up of vesicles, granules, and nerve-tubes conjointly. 

For 4;he explanation of the function of the nerve cen- 
tres, it is essentially necessary that we should have clear 
views of the function of the nerve vesicles. It has ap- 
peared to me that their duty is manifested by their ana- 
tomical relations. The influence, whatever it may be, 
passing along a nervous cord, is completely isolated 
therein, and never leaves the fibril in which it is passing 
from its origin to its termination. It is isolated by the 

What is the rate of conduction in nerves ? What resemblance is 
there between nerve conduction and electric conduction ? What are 
the functions of nerve-cells ? What conclusion is to be drawn from 
the anatomical construction of nerve vesicles ? 
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white substance of Schwann. But it is very plain, as 
many phenomena of the nervous system prove, that there 
are places of escape for this influence, although it may 
be confined in the nerve fibre, and these places can be 
no other than the vesicles. Their caudate aspect, or 
multipolar form, as it is often termed, will bear no other 
interpretation. The disturbing influence, coming along 
the axis cylinder of a nerve fibre, finds itself delivered 
into the granular material in the interior of a vesicle, a 
material physically continuous, in the opinion of many 
physiologists, with the structure of the axis cylinder. 
Through this granular material the influence is trans- 
mitted, and if the vesicle should have on its distant con- 
tour two or more nerve fibres connected with it, it 
would seem to be the necessary result of sugh a state of 
things that the influence will pass down all those chan- 
nels. For these reasons I regard the nerve vesicles as 
being constructions for the purpose of opening out the 
closed nerve fibres, and permitting them to deliver their 
energy into new tracks. 

But more than this. Whatever may be the principle 
by which the nervous influence is propagated, or con- 
ducted from point to point of the granular material 
within the vesicle, there must be now, since there is no 
structure to prevent it, a lateral spreading of effect. It 
is not to be supposed that the passage is made in a di- 
rect line, from the terminus of the centripetal to the 
origin of the centrifugal fibre, across these caudate ves- 
icles, and restricted thereto. There is no isolator to 
confine it in any such track, and it seems to follow of 
necessity that the whole contents of the vesicle must be 
affected, and this irrespective of its magnitude. ,Such a 
condition of things introduces the suspicion of a second 
great duty the vesicles may discharge in retaining with- 
in themselves, at all events for a short period, the influ- 
ences that have thus escaped laterally, and thus they be- 
come temporary magazines of power. And perhaps this 
may be the true interpretation of the action of unipolar 
and bipolar vesicles ; the unipolar being a capsule for 
the collection and conservation of the entire delivered 

How are they related in function to nerve-cells ? Why must dif- 
fusion in the granular material take place ? What is the function 
of unipolar and bipolar vesicles ? 

K 
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influence, the bipolar to admit of the passage onward 
of a large portion of the force, but by lateral diffusion 
to preserve or delay a part, and the multipolar at once 

Eermitting of conservation and of a discharge into, per- 
aps, a multitude of new channels. 
Upon the same principle that multicaudate vesicles 
permit of the escape of fervous influence from the sin- 
gle channel in which it has been coming into many new 
ways, so likewise they must be the seats of the interfer- 
ence of influences delivered infrO themfi'om many centrip- 
etal fibres at the same time. Thus we may imagine a 
tricaudate vesicle into the granular material of which an 
influence is delivered simultaneously by two centripetal 
fibrils, and these, reacting on one another in the interior 
of the vesicle, give rise to a resultant diflering from 
them both, and this is passed on through the third, the 
centrifugal fibril. 

Regarded in this way, the function of a nerve vesicle 
may therefore be stated to be, 1st. To permit the escape 
of an entering influence out of the solitary channel in 
which it has been isolated into any number of diverging 
tracts ; 2d. To combine influences entering it from va- 
rious directions into a common or new result ; 3d. By 
permitting of lateral diflusion to take off and keep in 
store for a certain duration a part of the passing in- 
fluence. 

Our attention can not fail to be arrested by this last 
effect ; for if there be a property characteristic of the 
nervous mechanism in its utmost degree of development, 
it is this of retaining the relics or traces of impressions 
formerly made upon it. As it goes on increasing in 
complexity as we rise through the animal series, the pro- 
vision for the retention of such impressions becomes 
more and more strikingly marked. Ganglionic masses, 
which, from their position and structure, are marked out 
for this duty, appear in that ascending scale in increas- 
ing magnitude. To these we may aptly apply the des- 
ignation of registering ganglia, since they truly store up 
the traces of ancient impressions and keep them in re- 
serve. These ganglia must, moreover, be the scenes of 

How is it that interference <Jf influences may take place ? What 
are the three chief functions of vesicles? What are registering gan- 
glia? 
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the interaction and interference of the impressions they 
thus contain. 

The registering ganglia thus introduce the element of 
time into the action of the nervous mechanism. The 
impression which without them would have forthwith 
ended in action is delayed for a season, nay, perhaps 
even as long, though it may be in a declining way, as 
the structure itself endures ; and with the introduction 
of this condition of duration come all those important 
effects ensuing from the various action of many received 
impressions, old and new, upon one another. 

The action of every ganglionic mechanism depends 
upon the existence of certain physical conditions, among 
which, as being of paramount importance, one may be 
discerned. It is the due supply of arterialized blood. 
If this be stopped but for a moment, the nerve mechan- 
ism loses its power, or if diminished, the display of its 
characteristic phenomena correspondingly declines. If, 
on the contrary, the supply be unduly great, or its oxi- 
dizing power artificially mcreased, there is a more ener- 
getic action. This*latter condition of things is present- 
ed in the earlier stages of the respiration of protoxide 
of nitrogen, an increased muscular power, and an exag- 
geration of the processes of intellection. The opposite 
state is witnessed when carbonic acid, more or less di- 
lute, is breathed, from that blunting of the intellectual 
faculties and indisposition for muscular exertion felt in 
ill-ventilated apartments where carbonic acid is permit- 
ted to accumulate, to the profound torpor and insensi- 
bility experienced wh^ it is in a more concentrated 
state. These exaltations and depressions of the capa- 
bilities of the nervous instrument are, therefore, clearly 
. of a chemical kind, and may be produced artificially and 
at pleasure by the respiration of appropriate gases or 
the administration of certain drugs. Nay, even the ac- 
cumulations of the effete products of the economy are 
sufficient to give rise to such diminutions of power, as 
we see when bile or urea is permitted to accumulate in 
the blood. The therapeutical and toxicological influ- 
ences of certain medicaments are illustrations of these 

How do they introduce the element of time ? Under what condi- 
I tion do nerve centres act ? What ensaes when protoxide of nitrogen 

I is breathed ? What when carbonic acid ? 
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principles. Of such substances, some act on the senso- 
rial and some on the motor powers. 

The copious distribution of arterial blood to the nerv- 
ous centres indicates that they undergo a rapid waste. 
That supply can not be for the mere purposes of growth 
alone, since, when once maturity is reached, the nervous 
mechanism presents but little expansion. The provision 
for nutrition assures us that that action must be rapidly 
going on ; but the equilibrium of the system betrays 
that such nutrition is not for development, but for the 
repair of waste ; and, indeed, this waste proceeds at 
such a rate that there arises in some portions of this 
system a necessity for periodic repose or sleep, a time 
for the restoration of the parts. If any arguments were 
required to establish beyond dispute that such a disin- 
tegration of the material of the nerve centres does oc- 
cur, it would be furnished by an exaVnination of the 
urine ; for, in nervous substance, phosphorus occurring 
as a characteristic ingredient, it must give rise to the 
production of phosphoric acid, or salts thereof, in the 
supposed periods of activitj. Moreover, in this meta- 
morphosis of the vesicular structure ammonia must 
eventually arise, from the cell walls if from no other 
source, and accordingly we find in the urine that char- 
acteristic double salt, the phosphate of soda and ammo- 
nia. The amount of these alkaline phosphates has long 
been known to be in proportion to the activity of the 
nervous system, particularly in the case of individuals, 
as clergymen, whose mental powers are taxed unduly at 
stated intervals. The general fact that the degree of 
energy this system exhibits is dependent on the activity 
of respiration in different tribes of life might be estab- 
lished from many familiar instances. 

Vesicular nervous material contains much less fatty 
matter than the fibrous, but much more water. From 
this it would appear that the presence of fat in nervous 
material is functionally connected with its property of 
conduction or transmission of nervous influence. Every 
thing seems to indicate that Schwann's white fatty 

How is it that the necessity of rest or sleep arises? How is it 
known that the destruction ornerve material is proportional to its 
activity? What difference in composition is there between vesicu- 
lar and fibrous substances ? 
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substance only discharges the physical duty of an iso- 
lator. 

Our attention may next be directed to the methods 
of repair of the vesicular structures. Their waste, as 
just established, implies their repair. Here, as in the 
muscular tissues, the blood-vessels conduct both opera- 
tions, and the mode of distribution of the capillaries is 
such as to bring the circulating current into the most 
favorable position for discharging this duty. The vesi- 
cles are included in the midst of a network of capilla- 
ries, and it is believed that there is a resemblance be- 
tween their mode of growth and that of the cells of the 
epidermis — that is to say, they arise from nuclei on the 
spaces nearest to the supply of blood, and gradually un- 
dergo development as they prepare for connection with 
the tubular tissue, assuming the place of cells that have 
discharged their function and are undergoing disinte- 
gration. This gradual passing onward and wearing 
away recalls the changes in the structure of the cuticle. 

To two of the substances thus met with in these ex- 
aminations of the nervous system our attention may be 
directed. These are cholesterine and phosphorus. Of 
the former we can not have failed to remark that it is a 
constant ingredient in the product of the action of the 
liver. It is a lipoid, and is found in biliary calculi ; and 
though it may be regarded in one sense as an excreraen- 
titious body, since it occurs in faecal matter, yet it also 
appears as a normal constituent of the blood. It may 
therefore be inferred, if the opinion of its existence in 
the white substance of Schwann be correct, that it is one 
among the various functions of the liver to prepare this 
body. Of phosphorus, it might be said ths^t it, among 
the chemical elements, is most strikingly characterized 
in its active state by the intensity of its affinity for oxy- 
gen. On this depends its quality of-shining in the dark, 
a quality which has given it a name; but by many 
agents, such, for example, as exposure to a particular 
temperature, and especially to the light of the sun, it 
may He thrown into a condition so completely passive 

What is the function of the white snbstance of Schwann ? In 
what manner are the nerve wastes repaired? What analogy does 
this bear to changes in the skin ? What is cholesterine ? In what 
two states does phosphorus occur? 
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that its chemical energies almost disappear. The doc- 
trine that was presented in explanation of the destruc- 
tion of one part of the system by the wr introduced by 
respiration while another is protected therefrom, as de- 
pendent on the aUotropic condition of those parts, is n 
presented here again in discussing the destraction and 
repair of the . nervous tissue; for it is only when it is 
ready to be removed that the phosphorized constituent 
assumes the active state, and in so doing gives rise to 
the developnient of force. On. this view, it would ap- 
pear that such phosphorized compounds are obtained 
irom the vegetable kingdom in the food in a passive 
state, the tissues of plants having deoxidized them un- 
der the influence of the sunlight, which simultaneously 
has thrown them into the condition of inactivity, and 
perhaps it is the assumption of that very condition that 
is the fundamental cause of their deoxidation. 

By the aid of the conclusions we have come to re- 
specting the fun^^tion of nerve-tubes and vesicles, as 
shown by their anatomical structure, we shall not have 
much diflSculty in explaining the offices of nervous arcs. 
The results at which we thus arrive, from a considera- 
tion of those cells, are singularly fortified by the electric- 
al experiments of Galvani, Volta, Nobili, and especially 
those of Volkmann. Among these, the three foUowing 
*^® of pnmary importance: 

1st. When a continuous electrical current is passed 
along a ceptrifugal nerve, contraction of the muscles 
wnicn that nerve supplies takes place, and continues as 
long as the electric current passes, without relaxation, 

9^""^ WK *^® nioment the current is stopped. 
throuDTh a ^° a contmuous electric current is paftsed 
bvffientfff?,^ ?°' contraction of the muscles supplied 
oon^lS'a^^^^^^^^ These 

stopping the current t^^^^^*® ^^^h relaxation, and on 

in the preceV^T^^Vt,.''^^^^^^ ^T ^^* "^^^^ ^ 
time. ^ ' ^^^ ^s continued for a period of 

dotn rin'tripet'al''«r^^ ^^^^^"^ ^^^^^^* ^^ ^^sed 
---^r— — 4^!2P?^^^^ contraction ^the 

results may be witneMed^t^® deoxidized in plants? What three 
nerves? ^-^ ^^ passing an electric current through 
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parts supplied by the corresponding centrifugal nerves 
occars, and these contractions alternate with relaxations. 

In view of these facts, we are brought to two conclu- 
sions : First, that there is a property in the ganglion, 
enabling it to hold in reserve a portion of the influence 
brought into it, so as to keep up the action for a period 
of time after the original disturbing causes have ceased. 
Second, that the structure of the ganglion is such as to 
permit the escape of the coming influence by lateral 
ways, either periodically or otherwise, and so to pro- 
duce from a continuous influence an interipitting effect. 

Recalling the fact that a ganglion is made up of nerve- 
tubes and vesicles conjointly, these electrical results must 
And their solution in the elementary structure of the gan- 
glion — that is to say, in its vesicular portion ; for it is 
not to be supposed that a current of electricity, such as 
we are here considering, would ever have an opportu- 
nity of escaping from the axis cylinder along which it 
passes. The isolating quality of the white cylinder of 
Schwann would prevent any such effect. It is not nec- 
essary that we should embarrass ourselves here with the 
fact that electric currents of sufficient intensity could 
make their way out from the interior channel in spite of 
its insulating investiture, since it is only with those of a 
far less power that we have to deal. Arrived in the 
vesicle^ the current at once diffuses ilself throughout the 
granular material, just in the same manner that it would 
diffuse throughout a spherical conducting mass if brought 
to it by a wire, and escape therefrom through any num- 
ber of similar wires that might chance to be in contact 
with the conducting mass beyond ; and though the main 
body of the current would, as may be readily proved, 
under these circumstances move in a direct line from 
the point of entry to the point of exit, there would be, 
nevertheless, a diffusion of part of it through the con- 
ducting mass, no portion thereof remaining unaffected. 
In a good conductor, such as a metal, this laterally di- 
verging current would instantly escape, but the case be- 
comes very different in the less perfectly conducting 
material, the granular substance within the cell. As in 
the secondary piles of Ritter, which, when brought into 

What deductions have been made from such experiments ? In 
what manner does diffusion in the vesicle take place ? 
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contact with an active voltaic circle, participate in all its 
qualities, physiological and chemical, give shocks, pro- 
duce decompositions, and continue to do so for a time 
after the original influence has ceased, so a similar con- 
servation occurs in the interior of the vesicle ; and this 
I consider to be the consequence of the difference 'of 
structure of the fibrous axis cylinder and the granular 
vesicle contents. The continuous lines along which the 
influence has been coming terminate on reaching the 
vesicle, and are replaced by a divided and inferior con- 
veying structure, a structure which recalls at once the 
secondary piles of Ritter just alluded to. 

As respects absorbed or registered impressions, a few 
remarks ma^ be here made. There can not be a doubt 
that the registry of impressions involves an actual struc- 
tural change in the ganglion, which is of a permanent 
character. These changes may be rudely and imper- 
fectly illustrated by experiments, such as I published 
years ago, of which the following may be taken as ex- 
amples : If, on a cold, polished piece of metal, any ob- 
ject, as a wafer, is laid, and the metal then be breathed 
upon, and, when the moisture has had time to disappear, 
the wafer be thrown off", though now upon the polished 
surface the most critical inspection can discover no trace 
of any form, if we breathe upon it a spectral figure of 
the wafer comes in^ view, and this may be don^ again 
and again. Nay, even more ; if the polished metal be 
carefully put aside where nothing can deteriorate its 
surface, and be so kept for many months (I have wit- 
nessed it even afler a year), on breathing again upon it, 
the shadowy form emerges ; or, if a sheet of paper on 
which a key or other object is laid be carried for a few 
moments into the sunshine, and then instantaneously 
viewed in the dark, the key being simultaneously re- 
moved, a fading spectre of the key on the paper will be 
seen ; and if the paper be put away where nothing can 
disturb it, and so kept for many months, at the end 
thereof, if it be carried into a dark place and laid on a 
piece of hot metal, the spectre of the key will come 
forth. In'the case of bodies more highly phosphores- 

What physical contrivance do vesicles in their action resemble ? 
How may invisible impressions be made visible on metallic surfaces ? 
How long will such impressions continue ? 
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cent than paper, the spectres of maDy different objects 
which may have been in succession laid originally there- 
upon will, on warming, emerge in their proper order. 

I introduce these illustrations for the purpose of show- 
ing how trivial are the impressions which may be thus 
registered and preserved. Indeed, I believe that a shad- 
ow never falls upon a wall without leaving thereupon its 
permanent trace — ^a trace that might be made visible by 
resorting to proper processes. All kinds of photograph- 
ic drawing are in th^ir degree examples of the kind. Of 
the moral consequences of such facts it is not my object 
here to speak. The world, would be none the worse if 
every secret action might thus be made plain. But if 
on such inorganic surfaces impressions may in this way 
be preserved, how much more likely is it that the same 
thing occurs in the purposely -constituted ganglion ! 
Not that there is any necessary coincidence between an 
external form and its ganglionic impression any more 
than there is between the letters of a message delivered 
in a telegraph office and the signals the telegraph gives 
to the distant station, yet these signals are easily retrans- 
lated into the original words — ^no more than there is be- 
tween the letters of a printed page and the acts or scenes 
they may chance to describe, but those letters call up 
with clearness in the mind of the reader the events and 
scenes. Indeed, the quickness with which the mind in- 
terprets such traces or impressions in its registering 
ganglia is illustrated by the rapidity with which we 
gather the sense of a printed page without individualiz- 
ing each of the letters it contains, or as a skillful account- 
ant runs his eye over a long column of figures, and seems 
to come by intuition at once to the correct sum. 

From the preceding considerations we may infer that 
there is a necessary limitation of the amount of impres- 
sions capable of being registered in the organism, and 
therefore, in this regard, all human knowledge is finite. 
Yet its term is much farther off than might at first sight 
appear. A library of a given size may only be able to 
contain a given number of books upon its shelves, but 
the amount of information it is capable of containing 

What may be illastrated by phosphorescent snrfaces? Illastrate 
the manner in which impressions may be interpreted. 'Why may it 
be inferred that human knowledge is finite ? 

K2 
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may be made to vary with the condensation and perspi- 
cuity of the books. 

In the hypothetical language of physiology, the nerv- 
ous centres are spoken of as the origin of the nervous 
influence or force. A close examination of the phenom- 
ena they display leads us, however, to receive such a 
statement with a certain amount of limitation. Most 
of the ganglia produce no motor impulses except under 
the action of external impression. Indeed, the cases in 
which the nervous centres seem to* display the quality 
of spontaneously originating force are so fe.w, and in 
their nature so doubtful, that we are almost entitled to 
disregard them. • For example, the ganglia of the heart 
are by some supposed to cause, by their own inherent 
power, the contractions of that organ, which in cold- 
blooded animals, long after it has been excisM, will con- 
tinue its rhythmic motions. But it is far more agreeable 
to the analogies of the nervous system to regard these 
cardiac ganglia, not as originators of power, but as mere- 
ly depositories, reservoirs, or magazines of it. There is 
nothing more extraordinary in their ability to keep up 
the motions of the organ they are connected with than 
there is in the subsidiary spring of a chronometer, main- 
taining the movement of that instrument for the period 
during which the action of the mainspring is taken off 
while it is being wound up. Yet the mainspring, and 
the subsidiary spring too, derive their mechanical power 
originally from the force which has wound up the chro- 
nometer. In this particular of the storing up of power 
for its utilization in the time of need, the whole gangli- 
onic or sympathetic system of nerves may be taken as 
the great example. 

What conclusions do we come to respecting the spontaneous func- 
tions of ganglia ? What may he remarked respecting ^e ganglia 
of the heart ? What mechanical contrivance do they resemble in 
their action ? 
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CHAPTER XIV. 

THE NERVOUS SYSTEM— Owi^imwdL 

The Spinal Cord: its Strueiure and Functions, — BdPa 
Discovery. — JReflex Action. — ITie MedvUa Oblongor 
ta. — The Pons Varolii. 

The Brain: its Structure. — Sensorium. — The Cefrehd- 
luvn : its Structure and Functions. — Symmetrical 
Boubleness of the Brain. — Double Thought. — Alter- 
nate Thought. — Castle-building. — Sentiment of Pre- 
eodstence. ^ 

The Cranial Nerves : their Functions. 

The Great Sympathetic: its Anatomy. — Belation to 
the JPneumogastric. — Connection with the Spinal Sys- 
tem. — Its Ganglia. — They are Beservoirs of Force. 
— Summary of Functions of the Sympathetic. 

We now commence a more detailed examination of 
the nervous system. This will therefore lead us to 
speak in succession of the spinal cord and medulla ob- 
longata, of the sensory ganglia, of the cerebellum and 
cerebrum, of the nerves generally, and, lastly, of the sym- 
pathetic system. 

THE SPINAL' COED. 

The spinal cord is placed in the midst of the vertebral 
canal. In form it is cylindroid, its section being ellip- 
tical, the lateral diameter being the long one. Longi- 
tudinally it has two enlargements, one ^out its upper 
third, the other toward its termination. Exteriorly it is 
white, but its section shows a gray substance, arranged 
in the form of two crescents connected by an isthmus. 
Above, it is continuous with the brain, which, indeed, is 
a development upon it, and below it terminates at the 
Cauda equina. Its relative length is much greater in 
foetal life, at the third month of which it extends into 
the sacrum. In adult life it only occupies about the up- 

What are the chief general divisions of the nervous system ? De- 
scribe the construction and position of the spinal cord. . 
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per two thirds of the vertebral canal ; it is generally 
stated that its termination is about the first or second 
lumbar vertebra. Moreover, it does not fill the veite- 
bral canal, being, by reason of the transverse dimensions 
of that cavity, rather suspended in than confined by it. 
The rest of the space, amounting to about one third, is 
occupied by the roots of the nerves, ligaments, the in- 
vestitures of the cord, blood-vessels, and a liquid. 

With respect to the interior constitution of the cord, 
it is composed exteriorly of white, and interiorly of gray 
material. 

The spinal cord is surrounded by thi*ee membranes, 
continuous with those of the cranium : the dura mater, 
the arachnoid, and the pia mater. The latter embraces 
the cord so closely as to exert a compression upon it. 
This is shown on slightly wounding it, when the white 
substance protrudes through the orifice. 

From the cord there arise thirty-one pairs of nerves, 
each nerve having two roQts, an anterior or motor, and 
a posterior or sensory. 

The anterior roots issue from the anterior farrow, the 
posterior from the posterior furrow, where the gray sub- 
stance emerges. Of the two the latter are the larger, and 
have more radicles. They also have, in the interverte- 
bral foramen, a ganglion. Beyond the ganglion the two 
roots coalesce, and the resulting nerve trunk, passing 
through theintervertebral foramen, divides into an ante- 
rior and posterior branch, for the anterior and posterior 
portions of the body. To this general description there 
are, however, some exceptions. Thus the posterior root 
of the first cervical nerve is smaller tnan the anterior, 
and very often it has no ganglion. The spinal nerves 
are enumerated as eight cervi<^, twelve dorsal, five lum- 
bar, and six sacral pairs. 

The white or fibrous portion of the spinal cord is com- 
posed in part of the spinal nerve fibres and in part of 
commissural ones. At one time it was supposed that 
every one of the preceding continued uninterruptedly 

Does the spinal cord fill the entire cavity of the vertebral canal ? 
How are its gray and white constituents arranged respectively? 
What membranes surronnd it ? How many pairs of nerves arise 
from it? How many roots have each? What are their functions ? 
Of what is the fibrous portion of the cord composed ? 
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to the brain. On this point, however, the weight of evi- 
dence leads us to infer that the verticsd distance through 
which these fibres pass is not very great, and that they 
are soon brought in connection with the interior vesicu- 
lar substance. If all the fibres passed uninterruptedly 
to the brain, we should expect that the cord would in- 
crease in thickness by a regular progression upward ; 
but this is not the case. Its enlargements correspond 
to the number of nerve roots given off from the locali- 
ties in which they occur. 

The determination of the functions of the roots of the 
spinal nerves by Bell is one of the great discoveries of 
physiology, and furnishes a solid foundation for an ex- 
act knowledge of the functions of the nervous system. 
The evidence of the truth of the doctrine that the ante- 
rior roots of these nerves are motor and the posterior 
sensory, is complete. Thus, if the anterior root of one 
of these nerves be divided, all those parts supplied by 
that nerve will exhibit loss of motion, though their sen- 
sation is unimpaired ; if the posterior root be divided, 
the sensibility of the parts is lost, though the power of 
motion is unaffected. Similar evidence may also be ob- 
tained by irritating the ends of the divided roots, mus- 
cular motion or pain, as the case may be, being corre- 
spondingly observed. 

The spinal cord transmits impressions from the pe- 
riphery to the brain, and conversely enables the brain 
to bring into action the ^motor nerves. Division of it 
at once causes an interruption of voluntary motion and 
sensation in those parts supplied by nerves below the 
place of the operation, the functions of the parts above 
remaining unimpaired. But, though the influence of 
the brain in exciting voluntary motion, and its capabil- 
ity of receiving sensations, is thus cut off, the severed 
portion of the cord still possesses an automatic power. 

This transmission of influences upward or downward 
is doubtless, to a considerable degree, accomplished 
through the vesicular substance, the quality of which, 
in this respect, has been explained in the preceding 
chapter. But, besides this, the exterior fibrous struo- 

How hare tho fanctions of the spinal nerve roots been determ- 
ined ? How are the cord and the brain respectivelj related to each 
other ? 
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tores possess a like function, correspondingly as they 
are connected with the motor or sensory roots of the 
nerves, the anterior colamns being motor, and the pos- 
terior apparently sensory. 

The spinal cord not only permits the passage of influ-» 
ences in its longitudinal, but also in its transverse direc- 
tion. This is what might be anticipated from.the struc- 
ture and functions of the cells of its gray interior. If 
the cord be cut half through in a given place, and again 
be cut half through on the opposite side, at a little dis- 
tance above or below, impressions may be conducted - 
through the intermediate portion, the vesicular material 
being then their only channel. • 

In a memoir on the distribution of the fibres of the 
sensitive roots, and on the transmission of impressions 
in the spinal cord, Dr. Brown-Sequard, referring to the ^ 
two theories entertained at present — 1st. That sensitive 
impressions reaching the cord pass in totality to the 
brain along the posterior columns ; 2d. That such im- 
pressions so arriving pass directly to the central gray 
substance, which transmits them upward — offers reasons 
for supposing that both these theories, and especially 
the first, are contradicted by facts. 

It is his opinion that sensitive impressions reaching 
the cord pass in different directions, some ascending, 
others descending, but both going in part by the poste- 
rior columns, and in part by the posterior gray horns, 
and perhaps by the lateral columns, to penetrate, after 
a short distance, the gray central substance by which, 
or in which, they are transmitted to the brain. 

The translation of impressions brought along the cen- 
tripetal fibres into motions, the exciting influence of 
which is conveyed along the centrifugal fibres, includes 
what is understood as the reflex action of the spinal cord 
* as developed by Dr. Hall. Its essential condition is its 
independence of the agency of the brain, and therefore 
unconscious nature. As general examples may be men- 
tioned, the movements that occur in swallowing ; for aft- 

Which are the motor, and which the sensory columns of the cord ? 
What is meant by transverse transmission in the cord? What are 
the conclusions of Dr. Browa-Seqnard as respects the conduction of 
the cord ? What is meant by reflex action ? Give instances of the 
reflex action of the cord. 
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er the food has been carried by voluntary action into the 
faaces, its passage onward to the stomach is perfectly in- 
voluntary. In like manner, the introduction of air into 
the lungs in ordinary respiration is involuntary; for 
though it may be, to a certain extent, under the control 
of the will, yet that extent is limited, an uncontrollable 
necessity for the motion presently arising. The action 
of the valvular arrangements at the cardiac and pyloric 
orifices of the stomach, and the constant contraction of 
the sphincter ani, are farther illustrations. To these may 
be added* those impulsive movements we instinctively 
make on the approach of danger or in the act of falling, 
and perhaps, too, automatic walking, as we go from place 
to place in a state of mental abstraction, paying no at- 
tention to the course we take. 

As above stated, this refiex function of the cord is in- 
dependent of the brain, though the brain can control it, 
and this the more perfectly the higher the organization 
of the animal. Breathing can go on, whether we pay at- 
tention to it or not, but we can acrest it if we choose for 
a time. 

In a general way, there is not much difficulty in dis- 
tinguishing between simple actions of the cord and those 
in which the brain is participating. In the former, no 
weariness or fatigue is ever experienced ; in the latter it 
is ; and perhaps, even in these last, involving voluntary 
muscular action, though the control is to be attributed to 
the brain, the source'of the force is in the cord. 

From the facts presented by the lower animals, it may 
be inferred that the spinal cord does not act as a single 
organ, but rather should be regarded as a collection of 
ganglia, special duties being discharged by special parts 
of it. 

If the view that has been presented respecting the con- 
tinuation of fibres from the cord to the brain be correct, 
these fibres discharge a commissural duty. This would 
lead us to suppose that there is a correspondence be- 
tween the functions of the columns of the cord and those 
of the roots of the spinal nerves, the anterior columns 

What is their essential condition ? How may cerebral and spinal 
action be distinguished ? Does the cord act as a single organ or as 
a collection of ganglia? What correspondence is there between the 
columns of the cord and the roots of its nerves ? 
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being motiferous, or in unison with the motor root of 
the nerves, the posterior being sensiferous, or in unison 
with the sensory root of the nerves. 

From the point of view thus presented the action of 
the spinal cord is therefore simple, or it is disturbed by 
the agency of the brain ; in the first case it offers itself 
purely as an automatic instrument ; in the latter, its com- 
missural connections with the brain make a compound 
apparatus. The former state is closely represented in 
the construction of the amphioxus, the nervous system 
of which has no rudiment of a cerebrum or cerebellum ; 
in this animal, therefore, since also the sensory ganglia 
are merely in a rudimentary state, the mode of life must 
be purely mechanical, just as it is with an artificial au- 
tomaton, of which, when a given spring is touched, a 
given motion is made. Even among the highest verte- 
brated animals, man himself at the periodic times of qui- 
escence of the cerebrum, as in sleep, when the cerebral 
influence over other portions is, to a certain extent, sus- 
pended, an approach* to a similar condition occurs ; but 
m periods of activity of the cerebrum, it can hold the spi- 
nal cord in check, controlling, and in some cases arrest- ( 
ing its action, and this is done through influences propa- 
gated along the structures of the posterior and anterior 
columns, which therefore are to be regarded, in this re- 
spect, as commissures to the brain. 

THE MEDULLA OBLOilrGATA. 

The medulla oblongata is a conical body» between the 
spinal cord and the brain. It is generally understood to 
be bounded at its upper portion by the pons varolii, but 
this IS not a true limit, since its structure extends throueh 
the pons varohi to the crura of the brain. There is the 
^^"'Uhfl L "^'' of limit as respects its lower bound- 
^''^^TiffihJr^''^"^. '^^^ *^ ^^ "^^^l^ed ^7 some de- 

'''''TTh^In.T^^ '^^ ^'•^"*- I^ike the spinal 

cord, It has an anterior and posterior fissure dividino- it 

?*" 'tTonTtrr' lateral L.e8 ; theXLl?S"c^on! 
po8tenoi%^nd ^Dd8 in the calamus sc riptorius above. 

State what are the general fnnctionn of the onr/i • wv. » • .u 
position and structure of the medulla oblongata? " *^ 
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The lateral halves thus produced are marked by three 
grooves, producing four eminences, passing under the 
following names: 1st. The anterior pyramids; 2d. The 
olivary bodies ; 3d. The restiform bodies ; 4th. The pos- 
terior pyramids. The anterior fissure is crossed about 
andnch below the pons varolii by decussating fibres, and 
hence injuries on one side of the brain produce nervous 
effects on the opposite side of the body. 

Viewed as a superposed continuation of the spinal 
cord, the medulla oblongata is the tract of communica- 
tion between that organ and the brain: the anterior 
pyramids and olivary tracts convey motor influences, 
and the restiform tracts and posterior pyramids sensa- 
tions. By experiments similar to those performed upon 
the cord, these conclusions have been maintained. 

But, besides this function of conduction, the medulla 
oblongata discharges a most important duty as a nerv- 
ous centre; on it depend respiration and deglutition. 
The brain may be wholly removed above, and the spinal 
cord below, as far as the origin of the phrenic nerve, 
without death necessarily ensuing, but on wounding the 
medulla oblongata, the muscular movements liecessary 
for the introduction of air are necessarily stopped. 

Moreover, the medulla oblongata exhibits the proper- 
ty of reflex action. So far as the function of respiration 
is concerned, its chief centripetal nerve is the pneumo- 
gastric, but the power it possesses is participated in. by 
many others, perhaps by reason of the venous condition 
into which the blood is brought from want of proper 
aeration. The violent respiratory movements by the 
sudden application of cold to the skin, the shower-bath, 
or dashing cold water on the face, are converted by it 
into respiratory muscular motions. From it also arise 
the movements required in the act of deglutition. 

Under this view of the functions of the medulla ob- 
longata, it is to be regarded as an exclusively automatic 
instrument, which can continue its operation after the 
excision of the brain. As with the spinal cord, so with 
it : its simple action may^ continue though its commis- 

What are the functions of the meflulla oblongata ? What rela- 
tions does it bear to respiration and deglutition? Give some in- 
stances of its reflex action. What relation does its action bear to 
those of the brain ? 
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sural action has ceased, and this either through condi- 
tions of disease or by the administration of drags. In 
lesions of the brain respiration may still continue, as it 
may also when sensation and voluntary motion have 
been arrested by the breathing of chloroform. 

THfi PONS VABOLU. 

The pons varolii consists of a loop of fibres passing 
from one crus cerebelli to the other, around the tracts 
of communication between the cord and the brain. 
That they constitute mainly a commissure for the cere- 
bellum is apparent from the circumstance that, in those 
animals which have the median cerebellar lobe only, 
there is no pons, and in other cases its relative magni- 
tude is in proportion to the size of the cerebellar hem- 
ispheres^ 

The functions of the pons varolii are therefore two- 
fold : it acts as a conductor, and also as a nerve centre. 
In the first respect, it is the channel from the spinal 
column to the cerebrum and cerebellum, and also be- 
tween the cerebellar halves, and experiments upon it, in 
giving rise to sensations and motions, are in conformity 
with what we should anticipate from the structure and 
functions of the spinal cord. 

In the second respect, as a nervous centre — when the 
cerebrum and cerebellum are removed, but the pons left 
untouched, an animal gives tokens of sensation when 
pinched or irritated, and likewise executes motions hav- 
mg an object ; these, however, are no longer observed 
after the removal of the pons. 

THE BBAIN. 

The cerebrum and cerebellum, being organs addition- 
al to the spinal cord, and developed upon it, the cord 
being able to discharge its own functions independently 
of them, we shall find it at once the most natural and 
most commodious method to consider their structures 
as arising out of its structure, and their functions as 
having relation to its functions. 

A general idea of the structure of th e brain as an ap- 

Describe the position and structure of the pons varolii. What are 
its functions ? 
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pendage to the . spinal cord may be gathered by con- 
sidering that a bifurcation of the fibres takes place in 
the medalla oblongata, and upon one of the resulting 
bundles, the crus cerebri, the cerebrum is formed, on the 
other the cerebellum. The crus cerebri is thus com- 

gosed of three strands : an inferior, the fibres of which 
ave come from the anterior pyramids, and in part from 
the olivary bodies. This strand ends in the corpus 
striatum, its fibres not, however, blending abruptly with 
the vesicular matter, but passing into it in bundles. It 
is essentially motor. A superior, derived from the pos- 
terior pyramids, and terminating in the thalamus. It is 
essentially sensory. Between these, constituting the 
third portion — strand it can scarcely with propriety be 
called — is a layer of dark vesicular material, the locus 
niger. It is to be understood that the motor strands of 
the opposite sides decussate in the medulla oblongata ; 
the sensory strands decussate in the mesocephalon. 

The other bundle, arising in the original bifurcation, 
assumes the designation of crus cerebelli. On it the 
cerebellum is developed. It consists essentially of fibres 
from the restiform bodies, re-enforced by others coming 
from the anterior pyramids under the name of arciform 
fibres. These together make their way to the interior 
ganglion of the cerebellum, the corpus dentatum, and 
there they end. But the crus cerebelli contains likewise 
two other great strands : an inferior, constituting the 
commissures of the two cerebellar hemispheres, and 
which, running round the entire prolongations of the 
spinal cord, forms the pons varolii ; a superior, the pro- 
cessus cerebelli ad testes, uniting the cerebellum and 
cerebrum. 

Of the portions of the spinal cord on which the cere- 
brum is to be developed, the sensory end in the optic 
thalamus, the motor in the corpus striatum. The thal- 
amus and striatum of each side may be regarded as one 
compound ganglion, since, like the columns of the cord, 
they are entered by a gray and a white commissure. 
Of the portions on which the cerebellum is to be devel- 
oped, the termination is in the central ganglion of the 
cerebellum, the corpus dentatum. 

How may the brain be considered as related to the spinal cord ? 
How does the cerebrum arise ? How does the cerebellum arise? 
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At the place of bifurcation of the constituent strands « 
of the crus cerebri and crus cerebelli from each otber in 
the medulla oblongata, there is intercalated or included 
a ganglion, which, with its apparatus, constitutes the 
olivary body : its fibres make their way upward between 
the two preceding bundles, and, having oijforcated, one 
branch goes to the quadrigemina and the other to the 
optic thalamus, the latter constituting, as has been said, 
a part of the crus cerebri. The seat of power of the 
medulla oblongata is in this ganglion. 

Such being the anatomical construction of the crus 
cerebri, it may be physiologically regarded as a com- 
pound strand, the anterior portion being motor, the pos- 
terior sensory ; and between these a dark' vesicular de- 
posit, the locus niger, continuous between the vesicular 
matter in the spinal cord and that of the thalamus and 
corpus striatum. From the lowest extremity of the 
cord to these great ganglia there is, therefore, an un- 
broken vesicular channel. In its progress onward to 
the corpus striatum, the anterior strand yields roots of 
the spinal accessory, hypoglossal, facial, abducens, the 
small root of the fifth, the trochlearis, and the oculo- 
motor nerves. If there were no other proof of the motor 
character of this strand, the motor property of all these 
nerves would be sufficient to determine it. In like 
manner, the posterior strand yields the pneumogastric, 
the glossopharyngeal, and the sensory root of the fifth ; 
from the sensory functions of these its sensory character 
is established. 

The layer of vesicular matter found upon the cerebral 
convolutions, and which is doubtless the seat of the 
higher intellectual qualities, has therefore no communi- 
cation with the vesicular matter of the spinal axis, by 
contact or continuation, but only through the interven- 
tion of fibres radiating upon it in all directions from the 
thalamus and striatum, or rather through some radiating 
from the great sensory centre, the thalamus, to the pe- 
riphery of the cerebrum, and others converging from 
that periphery to the great motor centre, the striatum. 

What is the olivary body ? What is its function ? What is the 
constitution of the crus cerebri ? What nerves come from its ante- 
rior strand ? What from the posterior ? How is the vesicular mat- 
ter of the cerebral hemispheres arranged ? 
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If the diameter of these fibres be assumed to be lo^oo 
of an inch, there mast be many millions of them in the 
aggregate. The vesicular matter of the hemisphere is 
arranged on the superficies instead of centrally, on ac- 
count of the necessities of their structure and condition 
of activity, for thereby a great surface is obtained ; this 
is farther increased by the artifice of convolutions, a ve- 
sicular surface which, counting in that of the cerebellum, 
has been estimated at 670 square inches, and blood can 
be copiously supplied and freely removed. 

But the thalamus and striatum are only two of a chain 
of ganglia beneath the cerebral hemispheres. Anterior- 
ly we find the olfactive ganglia, or bulbs of the olfactory 
nerves, seated upon peduncles, though their character is 
manifest from the gray matter they contain. Behind 
these are the tubercula quadrigemina, to which the op- 
tic nerves run, and therefore their ganglionic centres. 
What answers to the auditory ganglion is lodged at a 
distance back, at the fourth ventricle, and the gustatory 
ganglion is in the medulla oblongata. These are the 
ganglia of special sense, and to be regarded as subordi- 
nate to the thalamus, which is their common register. 

All these parts are commissured with one another, and 
with their fellows of the opposite half of the brain. In- 
deed, so likewise are all its parts, the difierent cerebral 
lobes, the opposite hemispheres, adjacent and distant 
convolutions, the cerebrum with the cerebellum. Hence 
arises a structure of extreme complexity. Among the 
commissural apparatus may be more particularly men- 
tioned the corpus callosum, the fornix, the anterior, the 
posterior, the soft, and the superior longitudinal com- 
missures. 

The ganglia at the base of the brain are regarded by 
Dr. Carpenter as constituting the true sensorium, a doc- 
trine he has established by many weighty arguments, 
and which is doubtless one of the mo^t important thus 
far introduced by physiologists. 

There can be no doubt that the cerebral hemispheres 
constitute the instrument through which the mind exerts 
its influences on the body. Any injury of sufiicient se- 

What are the ganglia at the base of the brain ? What are tho 
chief commissures of the brain ? What constitutes the sensorium ? 
What is the general function of the cerebral hemispheres? 
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verity inflicted upon them is at once attended with a to- 
tal loss of intellectual power ; any malformation or lesion 
by disease is attended by a deterioration below the cus- 
tomary mental standard ; any unusual development with 
correspondingly increased powers of intellection; and 
this not only as regards animals of different tribes, or 
individuals at special periods of their lives, but also of 
different men compared with one another. The general 
impression that those who have distin^uishedthemselves 
for mental attainments or intellectual power have been 
marked by the unusual development of their cerebral 
hemispheres is founded in fact. 

We may therefore consider the intellectual principle 
as possessing powers, properties, and faculties of its own ; 
as being acted on by impressions existing in the thala- 
mus, and delivered through the intervening fibrous struc- 
tures to the vesicular material of the convolutions of the 
cerebral hemispheres. In this region they act upon the 
intellectual prmciple and are acted upon by it, the re- 
turning influence, if any, coming down through the con- 
verging tubular structures to the corpus striatum, and 
by its commissural connections sent off to particular 
ganglia, passing along the inferior strand of the crus 
through the mesocephalon to the anterior pyramids, 
and by their decussation to the opposite side of the 
cord. 

Having thus spoken of the sensory ganglia and the 
cerebral hemispheres, it remains to add some remarks re- 
specting the cerebellum. It arises, as has been stated, 
from the triple strand of the crus cerebelli, of which one 
layer of fibres is connected with the corpora quadrigem- 
ina, and through them with the optic thalami ; a second 
with the restiform bodies ; and the third is commissural, 
and passes forward as the pons varolii. 

Like the cerebrum, this organ is vesicular on its sur- 
face, with fissures descending to the interior. Their 
object is apparently the same as that of the convolu- 
tions of the brain, the augmentation of surface. Of 
these fissures, the deep are termed the primary : they 
divide the organ into lobes. Those descending to a less 
depth are termed secondary: the divisions they. give 

How does the intellectnal principle operate through the brain? 
Describe the position and strncture of the cerebeUum. 
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rise to are lobules. The gray vesicalar material does 
not, however, descend to the bottom of the primary fis- 
sures, and in this respect they differ from the cerebral 
convolutions. Moreover, from this circumstance, that 
material is not continuous all over the cerebeUnm, but 
is in divided portions. 

That the cerebellum is one of the sensory ganglia may 
be inferred from the history of its development and its 
anatomical connections. Its median lobe is the first to ap- 
pear, as in fishes, and the hemispheres arise subsequent- 
ly as appendages thereto, as in birds. The size these 
eventually attain gives them a deceptive prominence, 
and hides their subordinate character. Regarding the 
lobe, therefore, as the essential and fundamental portion 
of the structure, the significance of its cerebral connec- 
tion with the thalamus through the processus ad testes 
is too obvious to bejoverlooked. As by this its sensory 
character is displayed, so the same holds good for the 
hemispheres, their relations with the spinal cord through 
the restiform bodies being also of a sensory nature. It 
seems probable that the superficial vesicular material 
is in anatomical connection with the thalamus, and the 
corpus dentatum or inner ganglia with the posterior or 
sensory columns of the cord. 

The co-ordinating and governing minute muscular 
motions is supposed to be one of the functions of the 
cerebellum. To maintain the standing position motion- 
less, there are, in reality, a great many muscular move- 
ments required, serving to antagonize all the little inci- 
dents producing a tendency to* fall ; and if this be so in 
standing, how much more difficult must such antago- 
nizing and compensating actions become in walking, 
running, and such movements. Theoretically, it might 
be expected that some special organ is necessary to 
combine such various actions, and that organ seems to 
be the cerebellum. 

Experimental results appear to strengthen this opin- 
ion. The cerebellum, on irritation, gives rise to no con- 
vulsive motions, nor to sensations. If removed by de- 
grees in successive slices, the motions of the animal be- 

What is its essential part ? In what manner is it supposed to be 
related to muscular motion? What experiments have led to thnt 
opinion ? 
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come irregular, and, finally, it loses all power of walk- 
ing or of maintaining its equilibrium. 

Connected with these results of experimental lesions 
of the cerebellum are the rotations, as they are termed, 
occurring, for example, when one of the crura cerebelli 
is cut, the animal rolling upon its longitudinal axis for 
a long time and with great rapidity. From such facts, 
it has therefore been concluded that the function of the 
cerebellum is neither for sensation nor intellection, nor 
is it the source of voluntary movements, but that it is 
for the government or control of combined muscular 
action. 

It has also been supposed that the cerebellum is for 
the perception of the sensations derived from the mus- 
cles, and enabling the mind to exert a guiding action. ., 
The facts supporting the preceding view support this 
also, there being, moreover, in thi^ case, an additional 
argument derived from the connection the cerebellum 
has been shown to maintain with the sensory columns 
of the cord, and the pain experienced on irritating the 
restiform columns. It has likewise been pointed out 
that* this hypothesis illustrates the connection between 
the cerebellum and the optic ganglia, as if it were for 
the purpose of bringing the organs of sight to the aid 
of this co-ordination of muscular motion. 

A third hypothesis is, that the cerebellum is the or- 
gan of sexual instinct, or of amativeness; as it is termed 
by phrenologists. The evidence of this, when fairly 
examined, is, however, far from affording a full proof: 
indeed, in many instances the facts are in direct opposi- 
tion to the hypothesis. In castrated animals the cere- 
bellum undergoes no diminution. There is no coinci- 
dence between the intensity of that instinct in the dif- 
ferent animal tribes and the degree of devdopment of 
this organ; and where it has been in a diseased condi- 
tion, there has not been a necessary correspondence be- 
tween the lesion and the loss of the instinct. 

In man, the weight of the brain averages about fifty 
ounces ; in females, about forty-five ; the maximum be- 

What is meant by cerebellar rotations? Why is it supposed that 
the cerebellum is connected with muscular sensations? What is 
meant by its being the seat of amativeness ? Can that hypothesis be 
maintained ? What is the weight of the brain ? 



ACTION OF THE BBAIK. 241. 

ing about sixty-fonr, and the minimum about twenty. 
The mean specific gravity of the gray matter is stated 
to be, in both sexes, 1.034, but somewhat less early and 
late in life. The specific gravity of the white is 1.041, 
and this varies less with sex and time of life than the 
former. 

The functional activity of the brain depends on the 
copious supply of arterial blood. It is computed that 
one fiifbh of the whole quantity in the circulation is sent 
to this organ. It is delivered through the two internal 
carotid and two vertebral arteries. The impetus of the 
current is checked by the sinuous course these vessels 
take, or by their breaking promptly into capillary 
branches. A freedom of anastomosis among them, as 
is well^isplayed in the cii'de of Willis, affords abun- 
dant provision for accidental stoppages or restraints. 

Although the brain is inclosed in an unyielding cavi- 
ty, it is subject to the pressure of the air. And since 
the quantity of blood present at any moment in the or- 
gan varies with the contemporaneous functional activi* 
ty, being greater as that activity is greater, the cerebro- 
spinal fluid s^lso varies in amount. Through this fluid 
an equality of pressure is therefore insured, no matter 
wbat may be the quantity of blood in the brain. 

The cerebro-spinal fluid, the quantity of which has 
been estimated at two ounces, is readily absorbed and 
as readily reproduced. The act of adjustment between 
it and the blood requiring a certain period for its com- 
pletion, the brain can not instantaneously be brought to 
its maximum action. Thus, as all persons observe, when 
we undertake any unusual intellectual duty, there is a 
.certain preparatory period to be passed through, as the 
common expression is, " for composing the thoughts." 

Pressurer upon the brain, either applied mechanically 
or through accidental effusions, produces at once func- 
tional inactivity, probably by interference with the due 
circulation of the blood; and, in like manner, any 
marked change in the chemical relations of that fluid 

What is the specific gravity of the brain ? What is the relative 
quantity of blood sent to it ? How is that supply furnished and 
controlled ? Does the pressure of the air act on the brain ? What 
is the action of the cerebro-spinal fluid ? What are the effects of 
mechanical pressure on the brain ? y 

L 
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exerts on the brain a corresponding effect. Thns, when 
oxygen gas is breathed, or, still better, protoxide of ni- 
trogen, the processes of intellection go on in an exag- 
gerated way, and ideas in rapid succession, and in nnu- 
sual forms of combination, mt through the mind ; but, 
as the consequence of this, since the lungs can not re- 
move with the necessary promptness the carbonic acid 
arising, the narcotic effects of that body are soon expe- 
rienced ; and this is also the case in alcoholic intoxica- 
tion, in the advanced stages of which the accumulation 
of carbonic acid in the blood produces the same result. 

That different regions of the brain have independent 
though mutually commissured faculties, is fully estab- 
lished by the phenomena of the nerves of sense, nor can 
there be any doubt that these differences of plysiolog- 
ical function are directly dependent on differences of an- 
atomical structure. It is, indeed, to structural differ- 
ences that we should impute the greater or less efficien- 
cy of the whole organ, as much as to differences of its 
weight. Because of a higher elaboration, the brain of 
one person may be more energetic than that of another, 
even though its weight may be less. It is not to be de- 
nied, however, that there is a connection between men- 
tal power and the quantity of cerebral matter, when in- 
dividuals of the same kind are compared, or that in the 
animal series the psychical powers decline as the cere- 
brum diminishes in size. 

Few topics are more worthy of the attention of the 
physiologist than that of the variable psychical powers 
of man, and yet few have been more overlooked. By 
variable psychical powers I mean those periodicities of 
increase and diminution in our intellectual efficiency, 
noticed not only in diseased, but also in healthy states. 
On the principles we have presented, these find their 
explanation in the temporary physical states of the or- 
gan, such as its condition of repair, its existing facility 
for oxidation, and the constitution of the blood as re- 
spects a proper arterialization. 

The most striking structural characteristic of the nerv- 
ous system is its symmetrical doubleness, the cranial 
and spinal nerves coming forth by pairs to their distri- 

How may it be proved that different regions of the brain have 
different fonctions? What is meant bj variable psychical powers? 
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bntion on the right and left sides of the body. The 
manner of development from the spinal axis laterally 
implies such a construction, and, indeed, gives origin to 
two halves so equal and alike, that it has often been said 
each person consists of two separate individuals. Ex- 
amining those organs which, by reason of the elaborate- 
ness of their mechanism and principles of action, enable 
us to determine with satisfactory precision the function 
discharged by each one of the members of the pair, as 
in the case of the eye or the ear, we may come to the 
following conclusions : Each is a distinct organ in itself, 
capable of meeting the requirements of the economy in 
a sufficiently satisfactory manner, and therefore forming 
a distinct whole ; but the pair can likewise act simulta- 
neously, re-enforcing, to a certain degree, each other's 
power, though in this double action there, by no means 
arises a double intensity of effect. The closure of one 
ear to a sound does not diminish the loudness by one 
half, nor does the shutting of one eye reduce to one 
half the brightness of a light ; but, though there is not 
such a doubling of effect when both eyes or both ears 
are employed, there is a degree of precision in the re- 
sulting indication not to be gained by the use of one of 
these organs alone. In such a double organ, then, the 
result is not so much a heightening of the final impres- 
sion as the giving to it of a greater degree of pre- 
cision. 

Moreover, each organ seems to exert a compensating 
inffuence over its fellow in any deficiencies or imperfec- 
tions it may possess. Thus it is rare that both eyes aro 
of an equal optical goodness, as most individuals will 
find on making a personal examination ; but in vision 
with both eyes, the faults of the more imperfect one are 
merged in the indications of the better, and the same 
might be remarked of the ear; from which it would ap- 
pear that this doubleness of organs is rather for the 
purpose of introducing a principle of compensation than 
one of conspiring action, the object intended to be 
gained being a justness of perception rather than an in- 
crease of effect. 

These observations apply to double organs in their 

How do doable organs act ? 
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normal states, or, if not their normal, their habitaal 
ones ; bat if to the eye, for example, a temporary dis- 
turbance is given, as by pressure, which renders its op- 
tical axis oblique, the fellow or^an being permitted to 
retain its usual position, double sight is the result. It is 
true that, in the habitual divergence of strabismus, such 
is not the effect, one of the images disappearing, or per- 
haps the mind, accommodating itself to the habitual 
condition, combines the two into one. These circum- 
stances indicate that each member of a double organ 
can, under conditions of disturbance, exercise an inde- 
pendent and even opposing action to its fellow. 

It has by some been supposed that the mind pays at- 
tention to the impressions of only one of the pair of or- 
gans at a time ; thus, that we see the images furnished 
by only one eye, though we can with very great quick- 
ness direct attention to those fumiahed by the other, 
and therefore, deceived by the rapidity with which this 
alteration of attention can be accomplished, our belief in 
the synchronous use of both organs is an error. A sim- 
ple experiment illustrates this. If the open hand be 
placed along the nose, so as to divide the right eye from 
the ld[t, and we look upon the surface of a uniformly-il- 
luminated sheet of paper covered with writing, it will be 
found that we can only read with one eye at a time, but 
that the mind can with great rapidity determine which 
eye it will use. In this experiment we have, moreover, 
the means of estimating the relative sensitiveness of the 
two eyes, and other of their optical peculiarities ; thus 
Jt will be commonly remarked that, though the paper 
be, as we have said, uniformly illuminated, the part of 
it regarded by one eye is brighter than that seen by the 
other, this being due to a difference in their sensibility. 
It will also frequently occur that the two portions of 
the page will present different shades of tint, the one, 
perhaps, being a faint greenish gray, while the other is 
of a yellowish white. 

In this feature of double construction the brain itself 
participates, presenting a right and left half approaching 
one another m form, without being absolutely identical. 
Much, therefore, of what has been said respecting the 

What effect ensnes from a temporary distarbance of one of them? 
How may it be proved that one eye is used at a time ? 
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mntnal relations of the right and left eye, and the right 
and left ear, must apply to the right and left hemi- 
spheres of the brain. Nor can there be any doubt that 
each hemisphere is a distinct organ, having the power 
of carrying on its functions independently of its fellow ; 
that, though each can thus act separately, both can act 
simultaneoudy ; and, judging from the cases that have 
just been presented, it would seem that we are justified 
in inferring that the common action of the two hemi- 
spheres is not for the purpose of a heightening of effect, 
but only for greater precision, and that in the same 
manner as it is a rare thing to find two eyes or two ears 
of equal goodness, so also it is unusual to have two 
hemispheres precisely alike. The defects of the one 
may be compensated by the superiorities of the other, 
and thus a mean result be attained ; and as one eye or 
one ear can, under the proper circumstances, overpower 
its fellow, so likewise can one hemisphere of the brain, 
except in certain cases, somewhat imaginatively de- 
scribed as insubordination of one of the hemispheres, 
when insanity is the result, the healthy half being una- 
ble to control the diseased one ; and for this reason, we 
often observe of the insane that they have synchronous- 
ly, or, at all events, in a very rapid alternation, two dis- 
tinct trains of thought, and, consequently, two distinct 
utterances, each of which may, so to speak, be perfectly 
continuous and even sane by itself, but the incongrui- 
ties that arise from the mingling of the two betray the 
condition of such persons. In this case doubleness of 
action is seen in its most exaggerated aspect, but in a 
less degree, it may be remarked, in the thinking opera- 
tions of those whose minds are perfectly sound. Thus 
every student must have observed, when busily engaged 
in reading, that his mind will wander off to other things, 
though he may mechanically cast his eyes over page aft- 
er page ; and the same may occur in listening to a lec- 
ture or sermon. But, though the insane man m% in- 
dulge in two synchronous trains of thought, he never 
indulges in three, for the simple reason that he has not 
three hemispheres to do it with, the same remark ap- 

Does each hemisphere Of the brain act independently ? What is 
meant by insubordination of a hemisphere? How may double 
trains of thought be explained ? 
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rDanner in which we permit one hemisphere to act, pre- 
senting fanciful delusions ; the other, as it were, watch- 
ing with satisfaction the operation, and in this respect 
lending itself to it. Not that for a moment we suppose 
there is any troth in the ideas suggested, and in this the 
phenomenon differs essentially from that of dreaming, 
in which it pever occurs to us that the scenes and ac- 
tions are fictitious. 

Still more strikingly do those singular cases, from 
time to time presenting themselves to the physician, of 
double or alternate consciousness, illustrate this isolated 
function of the hemispheres. In some of these, each 
of these portions of the brain has continued its action 
for a period of days, or even weeks, and then, relapsing 
into a quiescent state, has been succeeded by the other, 
thus presenting in some degree an analogy to the facts 
observed in ordinary cases of insanity, so far as the re- 
ciprocating action of the two organs is concerned, but 
differing in the period of duration of their function ; and 
thus, if one of them should have undergone deteriora- 
tioD, or have suffered lesion, so that it has been reduced 
to what might be termed an infantile state, the impres- 
sions formerly stored up in it having been for the most 
part lost, or there being an incapacity in it to make use 
of them, the patient will alternately exhibit what has 
been aptly termed child life and mature life. For a few 
days, or perhaps weeks, he will conduct himself in the 
ordinary manner of an adult, reading, reasoning, and 
actingy and then, for a similar period, will pass into a 
condition in which he does not even know his letters, 
and reasons and acts like a child. 

On the same principles an explanation has been given 
^f the sentiment of pre-existence. By this term is un- 
derstood that strange impression, which all persons have 
occasionally observed in the course of their lives, that 
some incident or scene at the moment occurring to 
them, it may be of quite a trivial nature, has been wit- 
nessed by them once before, and is in an instant recog- 
nized. Though this opinion that we have seen a pres- 
ent incident once before sometimes occurs in cases where 
the circumstances are of profound interest to us, the ex- 
Explain castle-baildins. How does doable or alternate conscions- 
nes8 arise ? What is meant bj the sentiment of pre-existence? 
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perience of most persoDS assures us that it is more fre- 
quently in trivial events. The explanation is, that it 
arises from the almost contemporaneous action of the 
two hemispheres, and that, under the circumstances, we 
have a confusion of memory, and are led to believe that 
there has been an interval of indefinite duration, when, 
in point of fact, it was an impression in each hemisphere 
closely coincident in point of time. Perhaps here we may 
appropriately recall the well-known fact offered to us in 
dreaming, that there are circumstances under which our 
mental dperations are carried forward with the most 
marvelous speed. Thus a sudden sound, a flash of 
lightning, may be incorporated or expanded into ^a long 
dream, diversified with a various multitude of incidents, 
all appearing to follow one another in an appropriate 
order, and occupying, as we judge, quite a long time, 
yet all necessarUy arising in an instantaneous manner, 
for we awake at the moment of the disturbance. Of the 
same kind is that remarkable deception, authentically 
related by those who have recovered from death by 
drowning, that in the last moments of their agony sSl 
the various events of their past life, even those of a triv- 
ial kind, have come rushing before them with miraculous 
deamess. Mental operations, therefore, both as regards 
old recollections and new suggestions, may take effect 
with wonderful rapidity, and if the sentiment of pre-ex- 
istence is to be explained on the principle of the double 
action of the brain, it must likewise be dependent upon 
the fact here presented. 

THE CBAKIAL KEBVES. 

There are twelve pairs of cranial nerves : 1st. The ol- 
-iactory; 2d. The optic; 3d. The motor oculi; 4th. The* 
pathetic; Sth.Thetri-facial; 6th. The abducent; 7th. The 
facial ; 8th. The auditory ; 9th. The glosso-pharyngeal ; 
lOth. The pneumogastric; 11th. The spinal accessory; 
12th. The hypoglossal. 

Of these, the first, the second, and the eighth, being 
nerves of special sensation, may be more conveniently 

How may the sentiment of pre-existence be explained ? How is it 
known that the mind may lose all perception of, timtf ? How manj 
cranial nerves are there ? Enumerate them. Hbw many are nerves 
of special sense ? 
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mentioned in connection with the organs of special 
sense — the nose, the eye, the ear. 

The motor-oculi nerve is wholly motor, as may be 
shown by experiment. When it is irritated the muscles 
it supplies are convulsed, and when it is divided they 
are paralyzed. 

The fourth nerve, or pathetic, is distributed to the 
orbital surface of the superior oblique, or trochlear mus- 
cle, for which it is the motor nerve. When it is irri- 
tated that muscle is convulsed. 

The fifth nerve has a construction so closely analogous 
to that of the spinal nerves, that it has been designated 
the spinal nerve of the head. It arises by two roots, 
the anterior of which is the smaller, the posterior having 
a large ganglion, the ganglion of Casser. From the 
ganglion three branches diverge, the ophthalmic, the su- 
perior maxillary, and inferior maxillary. The last re- 
ceives the motor portion of the nerve ; the first and sec- 
ond branches are sensory, the third is sensory and motor 
also. 

The sixth nerve is known from its origin, distribution, 
and from experiments made upon it, to be a motor nerve. 

The seventh or facial nerve arises from the upper 
part of the groove between the olivary and restiform 
bodies, and near the pons varolii. With the auditory 
nerve, or portio mollis, it constitutes the seventh nerve 
in the nomenclature of Willis, and derives the name 
portio dura, under which it sometimes passes, from the 
density and closeness of its texture. It supplies all the 
muscles of the face except those of mastication, which 
are supplied by the fifth nerve, those of the palate, the 
stapedius, laxator tympani, and tensor tympani ; also 
the muscles of the external ear, and some of those of 
the tongue. The facial is a centrifugal nerve. If irri- 
tated near its origin, there is no sensation of pain ; but 
subsequently it obtains fibres from other sources, as 
from the fifth and the pneumogastric. After it has been 
joined by these, irritation is acutely felt. It is there- 
fore to be regarded as the general motor nerve of the 

What is the (unction of the motor-oculi nerve ? What is the funcj 
tion of the pathetic ? Describe the general construction of the fifth 
nerve. What are its functions ? What is the function of the sixth 
nerve ? Describe the facial nerve. 

L 2 
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face, influencing the function of respiration throngli re- 
flex action, but net being connected with the function 
of mastication. Injury of it produces paralysis of the 
parts to which it is distributed, as, for example, the or- 
bicularis palpebrarum, causing inflammation of the eye 
and opacity of the cornea, through inability of that or- 
gan to free itself from dust and spread the lachrymal 
secretion over its surface. In like manner, the sense of 
hearing may be injured through loss of control over the 
muscular structures of the ear, and the aouteness of the 
sense of smell dimioisbed from inability to introduce the 
air in a strong current, or the sense oftaste, if the point 
of injury be previous to the giving off of the chorda 
p<s- wfc tympani. In paral- 

ysis of the facial 
nerve the muscles 
of the face become 
powerless, and the 
oonntenance, there- 
fore, distorted. 

Mff.eO: I.trunk 
of the facial at its 
emergence from the 
, aqueduct of Fallo- 
pius; 2, occipito-au- 
ricular branch ; S, 
auricular of the cer- 
vical plexus; 4, 
twig of the occipi- 
tal muscle; fi, twig 
of the posterior au- 
ThB fsdsi nurre. ricular muscle ; 6, 

twig of the superior auricular ; 1, anastomosis of the fa- 
cial with the auricular of the cervical plexus ; 8, branch 
for the stylo-h^oid and posterior heily of the digastric; 
9, temporo-facial anastomosia with the superficial auric- 
ulo-temporal of the fifth pair; 10, tempor^ ramifications 
of the facial; 11, frontal twigs; 12, superior palpebral 
twigs; 13, middle palpebral twigs; 14, inferior or mo- 
tor palpebral twigs ; 16, suborbital twigs ; 16, suborbi- 
tal plexus; n, superior buccal; 18, cervico-faeial branch; 

Whni are the functionB of ihe fncial ncrvo t Describe Fip. m. 
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19, buccal branches, aDastomosiog with, 20, buccal nerve 
of fifth pair; 21, mental twigs, forming with, 22, men- 
tal nerve of fiflb pair, the mental plexus ; 23, cervical 
branches ; 24, transverse cervical branch of the cervical 
plexus ; 25, parotid branches of the superficial auriculo- 
temporal ; 26, parotid branches of the facial ; a, frontal 
muscle ; b^ occipital muscle ; c, anterior auricular ; d, su- 
perior auricular ; €, posterior auricular ; /, orbicularis 
palpebrarum; ^, zygomaticus major; A, buccinator ; i, 
orbicularis oris ; A?, masseter ; /, parotid gland ; m, pla- 
tysma ; n, stylo-hyoid and posterior belly of digastric ; 
o, stemo-cleido-mastoid ; p^ trapezius. 

The ninth or glosso-pharyngeal nerve, examined in 
the usual way, proves to be a centripetal nerve, having 
the power of producing reflex motions through the 
nerves of deglutition, its motor influence being chiefly 
due to its connections with the pneumogastric and ac- 
cessory. Though thus a sensory nerve, it is doubtful 
whether it be the only nerve of taste, or whether that 
function is not likewise participated in by the lingual 
branch of the fifth pair. It is certain that section of the 
lingual does not destroy the sense of taste, and also that 
those parts of the tongue to which the glosso-pharyn- 
geal is distributed present that sense in the most marked 
manner. The inference usually drawn is that this nerve 
and the lingual are both tactile and gustative, and this 
renders appropriate its description in this place rather 
than among the nerves of special sense. 

The tenth, par vagum, or pneumogastric nerve, arises 
by six or eight filaments from the groove between the 
olivary and restiform bodies below the glosso-pharyn- 
geal, and, like it, may be traced to the vesicular mate- 
rial of the floor of the fourth ventricle. It first presents 
a Qraall ganglion, and soon after a second, nearly an inch 
in length, called the plexus g^gliformis. The nerve 
then descends the necK in the sheath of the carotid ves- 
sels, and in its course diflers on the right and left sides 
respectively. On the right side it passes between the 
subclavian artery and vein, descending toward the stom- 
ach and solar plexus on the posterior portion of the 
oesophagus ; on the left it enters the chest nearly paral- 

What are the f anction's of the ninth nerve ? How does the tenth 
nerve originate ? How is it distribated ? 
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lei with the left snhcIaviaD, and passes to the stomach 
and solar plexus along the anterior portion of the oesoph- 
agus. 

The chief branches of the pneumogastric are the au- 
ricular, the pharyngeal, the superior laryngeal, the car- 
diac, the inferior laryngeal or recurrent, the anterior 
pulmonary, the posterior pulmonary, the oesophageal, 
and the gastric. 

The pneumogastric presents several plexuses in its 
course, and, even when distributed on the stomach, ex- 
hibits flat, membraniform ganglia. It supplies three 
great classes of organs: 1st. The digestive, as the pha- 
rynx, oesophagus, stomach, liver; 2d. Respiratory, as 
the larynx, trachea, lungs ; 3d. Circulatory, as the heart 
and great vessels. It associates itself intimately with 
the sympathetic, and aids it in forming several great 
plexuses. 

At its root the pneumogastric is sensory, but in its 
trunk it possesses a double function, arising from its in- 
termingling with other nerves, as the spinal accessory 
and sympathetic. Though the trunk, if irritated, gives 
rise to pain, we are not, under ordinary circumstances, 
conscious of indications, as, for example, in the act of 
breathing, in which we do not perceive the necessity of 
respiration, except the access of the air be too long de- 
layed. The pharyngeal branch is the chief motor nerve 
of the pharynx and palate. The superior laryngeal is 
the sensory nerve of the larynx, the inferior laryngeal 
being the motor. Considered along with the spinal ac- 
cessory, the pneumogastric presents an analogy to a spi- 
nal nerve ; the accessory constituting the anterior or 
motor root, and the pneumogastric, with its ganglion, 
the sensory root. 

The pneumogastric nerve was formerly regarded .as 
taking an influential part in the action of the stomach 
during digestion. The precise nature of its agency in 
this respect has been already alluded to. In addition, 
it may be remarked that probably through this nerve is 
the sensation of hunger conveyed to the mind. 

Mg. 81 : 1, 1, 1, the left pneumogastric nerve; 2, an- 
astomosis of it with the hypoglossal; 3, anastomosis of 

— « ^ 

What are the functions of the tenth nerve ? Describe Fig 81. 
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"Hio left ppQDiDdeutrlc nerve, 

plexiform ganglion with internal branch of the spinal ; 
4, pharyngeal, passing in front of the internal carotid 
artery ; 5, superior laryngeal, behind the internal caro- 
tid artery ; 6, external laryngeal ; 7, laryngeal plexus, 
formed by external laryngeal and great Bympathetic ; 8, 
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saperior cardiac; 9, middle cardiac; 10, 10, inferior la- 
ryngeal, or recurrent, forming a curve round the arch 
of the aorta ; 1 1, pulmonary ganglion ; 1 2, its anastomo- 
sis with the great sympathetic; 13, posterior pulmona- 
ry plexus; 14, oBsophageal plexus; 15, curves formed 
around the oesophagus By the right and left pneumogas- 
tries ; 16, oesophageal strand traversing the diaphragm ; 
17, plexus formed by the strand upon the anterior face 
of the cardiac end; 18, branches for the great end of 
the stomach ; 19, branches for the small curvature ; 20, 
branches for the anterior face of the stomach ; 21, he- 
patic branches commingling with the hepatic plexus of 
the great sympathetic, and ramifying in the substance 
of the liver ; 22, glosso - pharyngeal ; 23, its lingual 
branch ; 24, pharyngeal branch ; 25, branch for the stylo- 
pharyngeal muscle ; 26, spinal ; 27, internal branch, aid- 
ing to form the pharyngeal nerve ; 28, external branch ; 
29, twig of external branch anastomosing with the third 
cervical ; 30, anastomosis with trapezian bi'anch of the 
fourth cervical ; 31, cervical portion of the great sympa- 
thetic ; 32, 32, thoracic portion ; a, thyroid body ; 6, tra- 
chea ; c, left lung, drawn to the right ; J, liver, raised ; 
6, oesophagus ; J\ great end of the stomach, drawn to 
the le^'t ; ^, arch of the aorta ; the carotid, and subcla- 
vian arteries, cut. 

The eleventh, or spinal accessory, is a motor nerve, as 
appears from the usual evidence of irritation, and also 
from its origin and distribution. Its action is not essen- 
tial in ordinary or involuntary respiration. In voluntary 
respiration it is brought into play. 

The twelfth, or hypoglossal, is the motor nerve of the 
tongue, irritation of it giving rise to movements through- 
out that organ, the lingual branch of the fifth being the 
sensory. The hypoglossal causes the muscles of the neck 
to aid in the movements necessary for articulate speech. 

OF THB GREAT SYMPATHETIC NEEVE. 

Under the designations of sympathetic, visceral, tri-. 
splanchnic, ganglionic, intercostal, or nerve of organic 
life, passes a series of reddish or gray ganglia, intercon- 

What are the functions of the eleventh nerve? What are the 
functions of the twelfth nerve ? Under what names does the sym- 
pathetic pass? 
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nected by nervous strands, extending along each side of 
the vertebral column, from the head to the coccyx, com- 
municating with all other nerves of the body, and dis- 
tributing branches to the internal viscera, or organs of 
involuntary function. These ganglia are less numerous 
than the vertebrae ; the chain on each side communicates 
with its colleague through plexuses, and the ganglion 
impar is the common uniting point on the coccyx be- 
low. By some it is supposed that the ganglion of Ribes, 
and by others that the pituitary body has the same func- 
tion in the cranium above. What are here spoken of as 
nervous strands are perhaps more correctly prolonga- 
tions of the ganglia themselves. 

The origin of the sympathetic has been long a subject 
of dispute, some supposing that it is a special system, of 
which the ganglia are so many independent centres, es- 
tablishing incidental communications with the cerebro- 
spinal ; others, that its origin is in the internal viscera, 
and its termination in the . cerebro-spinal system, this 
opinion being supported by the alleged facts that the 
sympathetic, in its development, appears before the oth- 
er parts of the nervous system, and simultaneously with 
the splanchnic organs, and that it has been found in 
monsters without a brain or spinal cord ; others, again, 
suppose that it originates from the roots of the cerebro- 
spinal system, and terminates ia the interior organs. 
Regarding it in this light, some have imputed its origin 
to all th^ spinal, and fifth and sixth cranial conjointly ; 
others have limited it to the two latter. 

The pneumogastric nerve aids it in forming three of 
its plexuses, the pharyngeal, cardiac, and solar. In cer- 
tain respects the pneumogastric and sympathetic seem 
to exhibit a reciprocal development, in some of the low- 
er animals the former predominating over, and supply- 
ing the place of the latter ; and this replacement, it is 
said, goes on in the descending series until, in the ceph- 
alopodous mollusks, the sympathetic has disappeared, 
and the pneumogastric takes its place. 

Mg. 82 (page 266) illustrates the relation of ihe sym- 
pathetic and spinal nerves : c c, anterior fissure of the 
spinal cord ; a, anterior root of a dorsal spinal nerve ; jo, 

What is its position ? How does it originate ? What are its re- 
lations to the pneumogastric ? Describe Fig, 82. 
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posterior root, with 
itB|;aiiglioii; a',an- 
tenor branch ; p', 
posterior branch ; 
s, Bympathetic ; e, 
its douhle janctioD 
wijh the anterior 
branch of the spi- 
nal nerveby a white 
and a gray filament. 
The sympathetio 
cfatun therefore es- 
tablishes connec- 
tions with the cer- 
ebro-spioal system. 
£ach spinal nerve 
is bronght into rela- 
tion with it through 
two strands, a tubu- 
lar or white, and a 
gelatinoQS or gray. 
The tubular or 
white strand may 
be regarded as act- 
nally arising from 

ReUlton of the tympallietlc and aplMl. the Spinalcord, and 

consisting of motor and sensory filaments. It makes its 
way to the ganglion of the sympathetic, passes over and 
through it, its fibres conjoining themselves with gray 
ones, which they have gathered in the ganglion. The 
gray or gelatinous root is to be viewed as having its ori- 
gin in the ganglion of the sympathetic, and sending its 
fibres chiefly to the ganglion on the posterior root of 
the spinal nerve, but few of them doubtfully oommuni- 
catiog with the anterior root. The fibres which seem to 
enter the cord are probably for the supply of blood-ves- 
sels. Each of these sympathetic ganglia is therefore a 
nervous centre, sending forth strands in three directions : 
1st, To join the spinal fibres in their distrihntion ; 2d. 
To the spioal cord itself, or chiefiy to the ganglia on the 
posterior rootjs of its nerves ; 3d. To the next sympa- 
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thetic ganglion above. In the various plexases of the 
sympathetic, vesicles are found, from which gray fibres 
seem to ori^nate. The branches supplying the viscera 
constantly form plexuses ; the arteries are surrounded 
with such a net-work,-- The splanchnic ganglia, with 
their interconnecting strands, and supplies from the cere- 
bro-spinal, give rise to four great plexuses : the pharyn- 
geal, the cardiac, the solar, and the hypogastric. The 
first and last of these are in symmetrical pairs ; the oth- 
er two are single, and placed on the median line. 

From its construction the sympathetic can not be re- 
garded as an isolated 6r self-acting system, since all its 
branches contain fibres derived from the cerebro-spinal. 
In function it must therefore be adjuvant to that system, 
and it must be admitted that the motor and sensory 
qualities of the included spinal fibres, according as they 
have been derived from the anterior or posterior col- 
umns of the cord, are continued in their association 
with the sympathetic. Hence, in so far as being a com- 
poimd nerve, it possesses both those functions, and this 
conclusion is corroborated by such facts as those of the 
distribution of the sympathetic both to muscular por- 
tions, as to the heart, and also to sensitive ones ; by the 
circumstance that^the intestinal canal from the stomach 
to the end of the colon receives its nervous supply from 
this source alone. Experiments on the sympathetic 
ganglia establish a similar conclusion, irritation of the 
caeliac ganglion, for instance, giving rise to increased 
' peristaltic motions, and pathological observations fur- 
nishing like evidence as regards the sensory function. 
Compared with other nerve trunks, the sympathetic is 
much less active in these respects, a high irritation of 
the parts supplied by it often being required to cause 
pain, and, in like manner, its motor fibres are little un- 
der the influence of the will. 

The sympathetic transmits sensations so tat'dily that 
it has been supposed tha^ one office of its ganglia is for 
the purpose of cutting off such impressions ; and, in like 
manner, when motor fibres of the cerebro-spinal system 
pass through its ganglia, their conducting power appears 
to be impaired. There does not seem to be any decisive 

What are the fonr chief sympathetic plexuses ? What are some 
of the chief functions of the sympathetic ? 
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proof that any of the fibres of the sympathetic, proper- 
ly speaking, are motor or sensory, or that its ganglia 
produce reflex action, the agency it exerts in these re- 
spects on the muscular structure of the heart, blood- 
vessels, digestive or unnary organs, being due to the 
associated cerebro-spinal fibres. 

In this manner, by its distribution to the arteries, the 
sympathetic, as a compound nerve, exerts a power over 
the passage of the blood through them by influencing 
their contractility, and thereby their diameter. In vir- 
tue of this, it therefore aflects the rapidity of secretion, 
and also regulates the rate of nutrition. The entire di- 
gestive tract, with its dependencies, is thus brought un- 
der its influence, the salivary glands, pharynx, oesoph- 
agus, stomach, intestine, nasal, bronchial, and pulmonary 
surfaces, etc. 

The view of the function of ganglia presented on 
preceding pages is strongly supported by the mechan- 
ism and phenomena of the sympathetic nerve. Its gan- 
glia permit the influence passing along the nervous 
cords to escape therefrom into new channels, and also 
retain and store up nervous power. They become, 
therefore, magazines of force, and are hence capable of 
sustaining rhythmic movements. Even after organs 
have been exsected, they will still exhibit, under the in- 
fluence of these ganglia, their accustomed motion, as is 
the case with the heart, which, in some of the cold- 
blooded animals, will continue its -contractions for many 
hours after it has been cut out of the body. 

I therefore regard the sympathetic system as having 
for one of its main functions the equalization or balanc- 
ing of the nervous force, storing up all transient excess- 
es of it, and furnishing all transient deficiencies. As in 
a mechanical contrivance, in which the prime mover 
works in an irregular way, the fly-wheel harmonizes all 
such variations, storing up or supplying power as the 
circumstances may require, so does this complicated ap- 
paratus act in the mechanism of innervation. And it is 
worthy of remark, that some such arrangement would . JL 

seem to be necessary, since the organs of digestion, to 

How does it act on the arteries ? What are its relations to the di- 
gestive tract? What is the physical function of its ganglia? Give 
a summary of the functions of the sympathetic. 



# 
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which the sympathetic is so largely directed, are peri- 
odically in activity and periodically quiescent. 

Fig. 83 (page. 260) : 1, globe of the eye, dissected so 
as to show the ciliary nerves ; 2, branch of the inferior* 
oblique and the motor root of the ophthalmic ganglion ; 
3, 3, 3, the three branches of the trifacial, in connection 
with most of the cranial ganglia, that is, with, 4, oph- 
thalmic ganglion, 5, spheno-palatine, 6, otic, 7, submaxil- 
lary, and, 8, sublingual ; 9, external motor oculi ; 10, fa- 
cial and its anastomoses with the spheno-palatine and 
otic ganglia; 11, glosso-pharyn^eal ; 12, 12, right pneu- 
mogastric ; 13, left pnenmogastric ; 14, spinal ; 15, hypo- 
glossal ; 16, 16, cervical plexus ; 17, brachial plexus ; 18, 
18, intercostal nerves ; 19, 19, lumbar plexus ; 20, sacral 
plexus; 21, superior cervical ganglion, furnishing two 
carotid branches, forming the carotid plexus around the 
artery of that name, and from which arise the anastomo- 
ses with, 22, nerve of Jacobson, 23, carotid branch of 
vidian nerve, 24, external motor oculi, 25, ophthalmic 
ganglion; 26, twig for the pituitary gland; 27, anasto- 
mosis of superior cervical ganglion with the first cervical 
pairs; 28, carotid and pharyngeal branches ; 29, pharyn- 
geal and intercarotid plexus ; 30, laryngeal branch, anas- 
tomosed with the external laryngeal of the pnenmogas- 
tric ; 31, superior cardiac nerve ; 32, strands of junction 
of the superior cervical ganglion with, 33, middle cervical 
ganglion : among the internal branches of the latter are, 
34, the anastomotic with, 35, the recurrent nerve, 36, 
middle cardiac nerve; 37, strarid of junction of middle 
cervical ganglion with, 38, inferior cervical ganglion ; 
40, twigs furnished by inferior cervical ganglion around 
the subclavian and vertebral arteries; 41, anastomotic 
branch with the first intercostal nerve ; 42, cardiac plex- 
us and ganglion ; 43, 44, secondary plexuses of right and 
left coronary aiteries ; from 45 to 46, thoracic gangli- 
onary chain ; 47, the great splanchnic traversing the di- 
aphragm, and going to, 48, semilunar ganglion ; 49, little 
splanchnic; 50, solar plexus, receiving, 51, anastomosis 
of pnenmogastric, 52^ phrenic nerve ; 53, gastric coro- 
nary ; 64, hepatic ; 55, splenic ; 56, superior mesenteric, 
enveloping the arteries of those names ; 67, renal plexus; 
from 58 to 58, lumbar ganglionic chain ; 69, lumbo-aor- 

Describe /l^. 83. 
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tic plexus, presenting two enlargements, one, 60, above, 
the other, 61, below the bifurcation of the aorta; 62, 
spermatic plexus ; 63, inferior mesenteric ; 64, hypogas- 
tric plexus 'y 65 to 65, sacral ganglionic chain ; 66, term- 
inal coccygeal ganglion ; A, heart, slightly turned aside 
to show the cardiac plexus ; B, arch of the aorta, also 
drawn aside by hook ; C, innominata ; D, subclavian, 
cut, to show inferior cervical ganglion ; E, inferior thy- 
roid ; F, portion of external carotid ; G, internal caro- 
tid ; H, thoracic aorta ; I, abdominal aorta ; J, primitive 
iliac ; K, intercost^s ; L, pulmonary artery, of which the 
ri^ht branch is cut; M, superior vena cava, cut at its 
origin ; M, vena cava inferior ; O, pulmonary veins ; a, 
lachrymal gland ; d, sublingual gland ; c, submaxillary 
gland ; t?, thyroid body ; e, trachea; y^, oesophagus, going 
to, ^, the stomach ; A, several intestinal loops with supe- 
rior mesenteric plexus ; ^, transverse colon ; J, sigmoid 
flexure ; A?, rectum ; ^, bladder ; m, ureter ; w, prostate ; 
o, vesicula seminalis ; p^ vas deferens ; q^ spermatic cord ; 
r, r, diaphragm. 



CHAPTER XV. 
OF HEARING. 

The Senses : Five Organs of Sense. 

Of Hearing, — General Structure of the Organ of Hear- 
ing, — Physical Peculiarities of Sounds^ Intensity^ 
Time of Vibration^ and Quality. — 27ie Tympanum^ 
Cochlea^ and Semicircular Canals are for the Appre- 
ciation of these peculiarities. 

OF THE SEKSES.- 

The animal being in its highest development, re- 
quires means for the perception of time, space, force, and 
quality. This is accomplished by what are termed the 
organs of sense. They are five in number.: 1st. The or- 
gan of hearing ; 2d. That of seeing ; 3d. That of touch- 
ing ; 4th. That of smelling ; 5th. That of tasting. The 
ear is the organ of time ; the eye that of space ; the tac- 
tile apparatus is for the perception of force ; and the 

To what functions are the organs of sense respectively devoted ? 

I 



tneohaniBDiB for smelling and tasting conjointlv determ- 
ine the chemical qnalitieB of bodies ; that of smeUiag 
addressing itself to substances in the vaporous and gas- 
eous state, and that of tasting to such as are liquid or 
dissolved in water. 

OF BBABma. 
The organ of bearing is composed of three parts,.the 
external ear, the tympanic cavity or tympanum, and the 
lal^rinth. 

Of these three portions of the ear, the external canal 
is, of course, fall of air, as is also the tympanic cavity or 
drum ; but the labyrinth is filled with a liquid, and in 
this the terminaJ filaments of the auditory nerve are 
placed. 

The essential part of the mechanism of hearing is the 
auditory nerve, which arises from the anterior wall of the 
fourth ventricle, and then, joining the facial, passes for- 
ward npon the crns cerebelH ; reaching- the meatus, it 
divides into two portions, the cochlear and vestibular 
«,. 81. nerves: these subdi- 

vide again, and are dis- 
tributed to the vesti- 
bule and cochlea re- 
spectively. 

Mff.Si: a a, pavilion 
and external auditory 
canal, or external ear; 

b, tympanic cavity, 
' containing the bones; 

c, hammer anditHthreo 
muscles, viz., </, inter- 
nal muscle, lodged in- 

Bii«n,^ nudflie, .ud b>.en><d e«. ^jjg thickuess of the Su- 
perior wall of Eustachian tube, and bending at a right 
angle to be inserted in superior part of handle of ham- 
mer ; 6, anterior muscle of hammer ; y, ezternal muscle 
of hammer ; g, interior half of membrana tympani, hold- 
ing the handle of the hammer ; A, tube of EustachiuB ; 
i, internal ear or labyrinth. 

Of how many parta is the orfian of hearing compoeed? What 
media are in the three portions of the ear? What is the origin and 
distribntioQ of the anditorj* ncri-e ? Describe Fi's. 84. 
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The explanation usually given of the functions of these 
various parts is as follows : The waves of sound, moving 
through the atmosphere, pass down the exterior canal 
and strike upon the membrane of the drum, which is 
thrown into vibration thereby. The little bones form- 
ing a chain from this membrane to the oval one at the 
back of the drum participate in this movement, and, in- 
deed, sei-ve to convey it, without much loss, across the 
cavity. Under the impulses thus communicated to it 
the oval membrane commences to vibrate, and in those 
movements the water in the labyrinth joins ; and so the 
filaments of the auditory nerve become affected, and the 
sensation of sound is transmitted to the brain. It is sup- 
posed that the three semicircular canals, which are set 
at right angles to one another, as it were, occupying the 
three adjoining faces of a cube, are for the purpose of 
determining in what direction the sound is coming — 
whether upward, downward, or laterally. Moreover, it 
is believed that^e little muscles which operate on the 
membrane of the drum have the duty of tightening or 
slackening it so as to receive the sounding waves in the 
most available way. 

It is not necessary to enter on a lengthy criticism of 
this explanation. Physiologists have long regretted that 
it assigns no use for many of the most complicated and 
'delicate arrangements connected with the ear, offers no . 
explanation of the manner in which that intricate organ 
is enabled to present to the mind the various relations 
of sound, and is inconsistent with many of the facts of 
comparative anatomy. 

What are the physical peculiarities existing in the 
waves of sound ? They are these three, 1st. The inten- 
sity, that is, loudness or feebleness of the sound ; 2d. Its 
note or pitch ; 3d. Its quality ; for two sounds of the 
same intensity and note may differ characteristically. 
The sound of the violin differs from that of the flute, 
and this, again, from that of the human voice. Our or- 
gan of audition is so constructed that it is affected by 
each of these peculiarities, and transmits .'them to the 
mind. All mathematicians who have written on the sub- 

What is the common hypothesis of audition ? What are some of 
the defects of this hypothesis ? What are the three physical peculi- 
arities of Bound ? 
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ject of Boand agree in setting forth the three peculiari- 
ties that have been mentioned, intensity, note, quality, as 
the grand features of waves of sound, and this upon a 
mere abstract discussion of acoustics. Now these three 
essential, abstract, or theoretical peculiarities af sound- 
waves are the very three which the organ of hearing 
seizes upon. Premising the remark that mathematicians 
have abundantly proved that the intensity of sounds de- 
pends upon the amplitude of excursion of the vibrating 
particles, and the pitch or note upon wave length, I shall 
now proceed to offer some arguments in proof of the 
proposition that the triple function of the ear is dis- 
charged in the following way : 1st. That the dram is for 
the measurement of the intensity ; 2d. The cochlea for 
the recognition of wave length ; 3d. The semicircular 
canals for the appreciation of Quality. 

1st. On the measurement oi the intensity of sonnd, 
structure of the tympanic cavity or drum, and its func- 
tions^ ^ 

The tympanic cavity, or drum of the ear, is an air cav- 
ity of a cylindroid and flattened shape, in the petrous 
portion of the temporal bone. Outwardly it is bounded 
by the membrana tympani, and on other sides by the pe- 
trous bone : it is crossed by a chain of bones, three in 
number, and named the malleus or hammer-bone, the in- 
cus or anvil, and the stapes or stirrup. The Eustachian 
tube affords a channel of communication from the inte- 
rior of the drum to the pharynx. Moreover, there is a 
communication with the mastoid cells, but the Eustachian 
tube is the only outlet to the atmosphere. The whole 
cavity of the tympanum is lined with mucous membrane 
and ciliated epithelium, which is also reflected over the 
bony chain. Upon the inner wall of the tympanum are 
two chief apertures, the fenestra ovalis and the fenestra 
rotunda, each closed by membrane. The chain of bones 
is attached at one end by the handle of the malleus to the 
membrana tympani, at the other by the foot of the stir- 
rup to the membrane of the fenestra ovalis. 

It is to be remarked that the membrana tympani is 
placed obliquely at the bottom of the external canal 

What is the function of the drum of the ear ? What is that of the 
cochlea? What is that of the semicircular canals? Describe the 
structure of the drum ? . 
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In a hollow ho^/j^ne^ rising upon the interior wall of 
the tympanum, and called the pyramid, the stapedius 
muscle is placed. Through a little aperture at the apex 
of the pyramid its tendon goes out, and is inserted in the 
neck of the stapes. Its action seems to be to make press- 
ure on the membrane of the fenestra ovalis, but as it does 
this, it tilts the stapes into an oblique position. A sec- 
ond muscle, the tensor tympani, is attached in front to 
the under surface of the petrous bone, and is inserted 
in the short process of the malleus ; when it contracts it 
makes tension upon the membrana tympani, drawing it 
more tightly inward. It is to be especially remarked 
of both these muscles that they are voluntary ; that is, 
of the striated variety. 

The tympanum is for determining the first property 
of sounding waves, that is, their intensity. 

It has been proved that when the tension of the 
membrana tympani is increased, sonorous undulations 
pass with less readiness through it. Indeed, this may 
be verified by personal experiment, as when, by a strong 
effort of expiration or inspiration, the mouth and nostrils 
being closed, we compress air into the tympanic cavity 
or withdraw it therefrom through the Eustachian tube, 
and th^eby stretch the membrana tympani outwardly 
or inwardly, the hearing at once becomes indistinct, and 
sounds are enfeebled. 

Under natural circumstances, a stretching of the mem- 
brane inwardly is accomplished by the contraction of the 
tensor tympani muscle, the stapedius holding tight con- 
temporaneously on the loop of the stiiTup, and prevent- 
ing disturbance of position of the bony chain at that end, 
and hindering any outward bulging of the membrane 
of the fenestra ovalis. When, therefore, the soniferous 
waves impinge upon the membrana tympani, they tend 
to throw it ii^o vibration ; the tensor tympani contracts 
to such an extent as to bring the membrane to a stand- 
ard of tension, and, since this mttscle is of the voluntary 
kind, the mind judges of the degree of force required to 
produce that result just as, when we lift from the ground 
bodies of different weights, we judge with a certain 

What is the action of the stapedius and tensor tympani muscles? 
What is the effect of changing the tension of the membrane of the 
drom ? Describe the action of its muscles. 

M 
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precision of the degree of force Yii(fkssLrj to be put 
forth. The condition of contraction of the tensor tym- 
pani therefore enables the mind to measure the intensi- 
ty of the sounding waves. 

But this muscular contraction is strictly a reflex act, 
and is therefore preceded, as all such acts are, by an im- 
pression. That impression is made, as we shall present- 
ly find, primarily on the auditory nerve. But, since these 
reflected acts are not sensory, the mind has no knowl- 
edge of the eflect impressed in this respect upon the 
auditory nerve, and only becomes sensible of it m an in- 
direct way, through the contractions ensuing in the ten- 
sor tympani musde. 

In this view of the case, the use of the Eustachian tube 
becomes obvious ; it is to form a ready passage for the 
air inwardly or outwardly, so that no condensation or 
rarefaction shall occur within the tympanic cavity ; for 
such rarefactions and condensations would disturb the 
action of the contracting muscle, and make it yield a 
false estimate. Besides this, the Eustachian tube, as has 
long been known, affords an outlet for mucus: 

The function of the ossicles is therefore rather for the 
purpose of tension than of conduction, though it is not 
denied that sounds may pass readily along them\ They 
are to be regarded as aiding in the perfection of auditory 
perceptions, but yet not as being absolutely essential to 
the appreciation of sounds, or even of their finer modifi- 
cations. Whatever affects the facility of vibration of the 
membrana tympani, such as its thickening, or stiffeDiDg, 
or unusual dryness, will render the hearing dull, but the 
membrane itself may be perforated, or even undergo ex- 
tensive lesions, without any apparently corresponding ef- 
fect. But if the stapes be injured or be removed, deaf- 
ness is at once the result. 

There is nothing remarkable in the precision with 
which the contractions of the two muscles acting on the 
membrane of the drum^are made. The same precision 
is illustrated in the case of the muscles of the vocal cords. 
The state of these may be determined to the ly^oo P^^ 
of an inch. 

How is it that the mind perceives their state ? What is the use 
of the Eustachian tube ? What is the function of the ossicles ? With 
what precision may the contractions of the muscles of the vocal cords 
be estimated ? 
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It might perhaps be inquired, Why should not the 
function of determining the intensity of sounds, as well 
as their wave length, be imputed directly to the auditory 
nerve ? It is with the ear as with the eye, the mechan- 
ism for determining wave length can only act with uni- 
formity when the agent to be measured is reduced to a 
standard intensity. A bright light falling upon the eye 
brings on a contraction of the pupil. And so with th6 
ear. A partial deafening must be established to adjust 
the intensity of sound, that the auditory nerve may act 
under standard circumstances. The primary impression 
therefore made upon that nerve by the loudness of sounds 
is, so to speak, consumed by being converted as a reflex 
act into motion, because there is a necessity that the ten- 
sor and stapedius should move, and reflex acts do not 
affect the mind, but it instantly perceives the condition 
of contraction of those muscles, and so estimates the in- 
tensity of the sound. 

2d. On the measurement of wave length, or time of 
vibration of sounds. Structure of the cochlea and its 
functions. 

The cochlea has been described as resembling ^snail's 
shell in appearance. It is a conical tube, wound spiral- 
ly, and making two and a half turns. The interior jof 
this conical and spirally-winding tube is divided through- 
out its length into two portions by means of a transverse 
partition, which, follo;ving the spiral winding of the 
tube, has had the name of lamina spiralis bestowed on 
it. The two partitions produced by the intervention of 
this lamina are called scala vestibuli and scala tympani. 
At the top or point of the helix the two scalae commu- 
nicate through a little hole, from the cessation of the la- 
mina spiralis. To this opening or deficiency the name 
of helicotrema is given. Considering the two scalsB as 
separate tubes, their mouths open differently ; the scala 
vestibuli opens into the vestibule of the labyrinth, and 
we may therefore regard the membrane of the fenestra 
ovalis as being virtually its boundary or closure, but the 
mouth of the scala tympani is against the fenestra rotun- 
da, and is closed by the membrane of that aperture. As 
their names therefore indicate, the scala vestibuli opens 

What analogy is there hetween the pnpil of the eye and the drum 
of the ear ? Describe the construction of the cochlea. 
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into the vestibule, and the Bcala tympanl into the tym- 
panum. 

PaBBiDg directly through the body of the cochlea, and 
being, as it were, the core npon which that structttre is 
bailt, ia a bonv cone, called the modiolus. Indeed, the 
bony part of the transverse ptate separating the tube of 
the cochlea into its two scalee ui^ht be regarded as a 
spiral process of the modiolns. 'Dirough the modiolus 
and its spiral process, or lamina spiralis, the auditory 
nerve gains access, through suitable channels, to the in- 
terior of the scalie. 

Fig. es. ^g. 86, interior of the 

cocbtea, rendered visible by 

the removal of half of the 

outer wall ; a a, lamina epi- 

, raliB, turning by its inner 

edge, i>, around the axis of 

the cochlea; c, infundibn- 

Inm ; d, aperture ofcommu- 

lotCTior of ihe mchit.. nication between two scalte; 

e e, section of the outer wall ; fff, inferior or' tympanic 

scala;^ ff ff, superior or vestibular seals. 

It is necessary to understand the structure of the la- 
mina spiralis more particularly. Aa we have said, it di- 
vides the helical tube into the two scalie by extending 
transversely across it. Its bony portion does not, how- 
ever, extend more than about one third of the distance, 
the rest of it being made up in part of a delicate mem- 
branous 0011:1 an, and completed by a mnscnlar structure; 
80 that, if wo consider the lamina spiralis at any point, 
the region of it near the modiolus is bone, the interme- 
diate portion membranous, and the residual muscular. 
Or, considering the lamina spiralis in the aggregate, we 
might say that it consists of a helix of bone, membrane, 
and maacle. To the muscle the name of the cochlearia 
is given. Its obvious function is to tighten the mem- 
branouB region. Moreover, considered thus in the ag- 
gregate, the lamina spiralis is a triangular plate wound 
round upon a central conical core, and, therefore, broad- 
est at the base of the cochlea, and gradnally tapering 
off toward the apex. It is to be understood that the 
How IB the audilory nerre introdnced ? Describe Fig. 85. What 
a of tbo spiral lamina? 
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cochlea, like all other portiona of the labyriDth, is filled 
with water. 

Upon the spiral lamina, issaing farth through its booy 
portion, are placed the nltimate tilaments of the auditory 
nerve. These,haviDgcast off their white Hubstaace, come 
^to relation with elongated vesicles, and are thus distrib- 
uted npon the naembranoua portion, the membrane be- 
ing kept uniformly tense by the action of the cochlearia 
muscle. 

Mff. 86, section of the cochlea, magnified six diame- 
ters, to show the distributioo of the cochlear branch of 
the auditory nerve. 



The principles of acoustics would lead ns to infer thaff 
bonnds entering the cochlea throw into vibration its spi- 
ral lamina, an inference supported by anatomical consid- 
erations in regard to the position and function of the 
cochlearis muscle in keepingjhe membranous portion 
of the lamina at a due degree of tension. We should 
also infer that each external sound does not throw the 
lamina into vibration throughout its whole length, but 
only on a special and corresponding point, and thereby 
affects solely the filament of the auditory nerve in con- 
nection with that point ; that sounds which are low will 
act upon the broader portions of the membrane, near 
the mouth of the cochlea, and those which are high, the 
narrower portions near the apex. In this respect, therrf- 

How U it kept tense ? Describe Fig. 86. How ia it that tbo an- 
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fore, the function of hearing should have two limits, one 
for low and the other for high notes, as experience proves 
to us is actually the ease ; but possibly the scale is, so to 
speak, enlarged through the various degrees of tenseness 
which may be given by the contractions of the cochle- 
aris muscle. A general idea of the nature of this limiV 
ed vibration may be obtained by recalling the effect pro- 
duced when one musical instrument is played in the vi- 
cinity of another, as when, for example, a flute is played 
near to a piano-forte, the strings of the latter are thrown 
into sympathetic vibration, and the piano emits a note 
answering to each note of the flute. All the strings are 
not thrown into vibration at once, but for each note of 
the flute that string of the piano in unison vibrates. 

In the view here presented, I consider that each ex- 
ternal musical note causes a special portion of the spiral 
lamina to vibrate, and that the particular nerve fibril 
supplying that portion is affected thereby, and thus a 
distinct sensation is communicated to the l^rain, the 
nerve fibrils to the right and left of the one affected ly- 
ing at rest. It may probably be that the denticulate 
structure has for its duty the more perfect production 
of this isolated effect, or that the teeth thereof act like 
the dampers of a musical instrupaent, and restrain the 
vibration. Notes the wave length of which is great, 
or, what is the same thing, the times of the vibrations 
of which are long, affect those portions of the spiral la- 
%iina which are broad and near to the base of the coch- 
lea, but notes whose wave lengths are short, and times 
of vibration correspondingly brief, affect those portions 
near to the apex. But probably the scale is changed, 
as before said, by the tension of the cochlearis muscle, 
and thus the same part of the lamina can take charge 
of a range of many octaves. 

It may be inquired how it is that a sound passing 
through the auditory canal, the bones of the tympanum, 
the membrane of the fenestra ovalis, and thus affecting 
its destined portion of the lamina, does not give rise to 
an idea in the mind of repetition or reverberation by 

^Why are there two limits in hearing ? What physical illustration 
of the action of the spiral lamina may be given ? What is probably 
the use of the denticulate structure ? How may several octaves be 
perceived ? 
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moving back and forth through the two scalae, and af- 
fecting its proper nerve fibril at each passage. Is there 
not a necessity for the existence of some mechanism of 
interference to destroy the wave after it has once done 
its work ? Admitting the force of such inquiries, we 
can not avoid being impressed with the fact that the 
two scalae of the cochlear tube present all the aspects 
of a mechanism constructed for the discharge of such a 
duty. For interference to take place among undula- 
tions of any kind, waves upon water, sounds ii). the air, 
or the ethereal undulations constituting light, the essen- 
tial condition is that they shall run through patfis of a 
certain unequal length. *They must also be brought, 
for a full practical effect, to their common point of en- 
counter under a very acute angle, and these conditions 
are represented in the scala vestibuli and the scala tym- 
pani, which are of unequal length, placed at such an 
acute angle to one another that they Inight almost be 
said to be parallel, occupied by a fluid of the same den- 
sity, and through both at the same moment are passing 

•the undulations constituting the same sound, one hav- 
ing been communicated by the fenestra ovalis, the other 
through the fenestra rotunda, their common point of 
convergence, and perhaps of mutual destruction, being 
at the helicotrema, the aperture at the apex through 
which they intercommunicate. Nor can we fail to be 
struck by the circumstance, if this explanation of the 
function of the scalae be correct, in what an admirable 
manner the whole instrument is provided with self-ad- 
justing power, since, when the stirrup &rces in the 

, membrane of the fenestra ovalis, the pressure communi- 
cated through the water pushes out the membrane of 
the fenestra rotunda, and thereby the relative length of 
the two scalae has changed, the one having become Ion-* 
ger by as much as the other has become shorter, an ad- 
justment necessary to bring about total interference at 
the helicotrema. And we might add that such a con- 
struction is all the more interesting, for, since it is the 
intensity of the waves that is to be destroyed, reliante 
is had upon the intensity instrument, the drum, to pro- 

What is the function of the scalae ? How is the relative length of 
the two scalae made to change? Why is interference of the received 
sound necessary ? 
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duce that effect, and it is done by the contractions of 
the tensor tympani and stapedius muscles. Perhaps the 
perfect accomplishment of this interference is the stand- 
ard, to which allusion has been made before, by which 
the mind judges of the power put forth by those mus- 
cles, and thereby of the mtensity of the sound. 

3d. On the determination of the quality of sounds, the 
structure of the semicircular canals, and their function. 
The semicircular canals are cylindroid tubes, devel- 
oped^ as it were, from the vestibule, and of a figure 
which has suggested their name. They are three in 
numbeir, and placed at right angles to one another ; two 
of them are vertical, the third iiorizontal ; they all open 
into the vestibule, the adjacent branches of two of them 
coalescing first. On one of the branches of each of them 
there is a dilatation just before it joins the vestibule ; 
to this dilatation the designation of ampulla is given. 
The vestibule of the labyrinth may therefore be regard- 
ed as the common mouth of the semicircular canals, and 
of the scala vestibuli of the cochlea ; or, considering its 
order of development, the vestibule may be regarded as 
the essential portion of the labyrinth, and the semicircu- 
lar canals and cochlea appendices that have branched 
forth from it. 

The vestibule and semicircular canals are lined with 
a membrane which, of course, copies their shape, yet it 
is not in contact with their bony walls, but is parted 
therefrom by a stratum of water ; to this the name of 
perilymph is given ; their interior is also filled with a 
liquid — ^the endolymph it is called. The bony structure 
is called the bony labvrinth ; this structure is the mem- 
branous labyrintn. A portion of the auditory nerve di- 
vides into three main branches, which present them- 
* Fig. 8T. selves for the supply of the ampul- 

lae : the brush-like terminations of 
these are accommodated with an 
otolith, or ear-stone. 

Mg. 87 : a, external wall of ves- 
tibule, on which is seen, 5, fenes- 
tra ovalis ; 0, fenestra rotunda, 
Tympanic face of the labyrinth, and, rf, tract of the facial nerve ; 

What are the semicircnlar canals ? What are the perilymph and 
endolymph ? Describe Fig, 87. 
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e, superior semicircular canal ; f^ posterior semicircular 
canal ; g^ horizontal semicircular canal ; i % wall of the 
cochlea ; j^ aqueduct of cochlea ; A;, portion of petrous 
bone. 

The explanation usually given of the function of the 
semicircular canals is, that they serve to determine the 
direction of sounds, an idea originating from their re- 
markable rectangular position. However, this is ac- 
complished in almost all cases by directing the external 
canal toward the point from \Vhich the sound is coming, 
and judging of its place by the variations of its intensi- 
ty. Animals commonly direct the external ear toward 
the sounding point, guided doubtless in the 'same way. 
Some physiologists have restricted the use of the semi- 
circular canals to the collection of those sounds which 
strike upon the skull, but, besides the preceding con- 
siderations, there are others derived from comparative 
anatomy indicating that this can scarcely be their duty. 

The intensity of sounds is jmdged of by the tympan- 
um ; their pitch or wave length is determined by the 
cochlea, and therefore there/ arises a strong presumption 
that the semicircular canals must have the function of 
distinguishing the third characteristic of sounds, that is, 
their quality ; since, if this be not the case, there seems 
to be no other portion of the auditory mechanism to 
which that office could be assigned. 

The suspicion we are thus led to entertain, that the 
aemicircular canals are for appreciating the quality of 
sounds, is strengthened in no common degree by facts 
of comparative physiology. Unfortunately, we know 
so little of the mechanical peculiarity on which distinc- 
tions of quality depend, that we are wholly unable to. 
trace out the structural conditions of an organ calcula- 
ted for seizing on them. We know that the quality of* 
a note emitted by a violin is different from that emitted 
by a flute, though the intensity and pitch may be the 
same, but we can not tell why. In the case before us, 
we therefore can* expect no assistance in the way of ar- 
guments from mechanical philosophy, and are limited to 

What is the common opinion of the use of the semicircular ca- 
nals ? Give reasons fbr supposing that they are really for estima- 
ting the quality of sounds. What is meant by the term quality of 
sounds ? 

M2 
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the use of those which may be drawn from comparative 
anatomy and physiology. 

Examining, therefore, what appears to be the primi- 
tive plan of the construction of this mechanism, we find 
it to consist of a nerve fibril in connection with an oto- 
lith, or little stony body. Such a construction, included 
in a bag of water, constitutes, in point of fact, the organ 
of hearing of some of the lower tribes, as the gasterop- 
odous molluscs. These animals can have no perception 
of the pitch of sounds or ibusical notes, and only an im- 
perfect one of intensities. But what they do distinguish 
IS one noise from another. Now the idea conveyed to 
the mind by difference of noises is precisely the distinc- 
tion that we are dwelling on, that of quality. 

If, instead of restricting our examination to the semi- 
circular canals, we extend it to the whole organ of hear- 
ing, and consider together, in the case of each animal 
tribe, its requirements, and the manner in which those 
requirements are Satisfied, we shall meet with a surpris- 
ing confirmation of the preceding views. The lowest 
requiFement we can conceive of is the appreciating of 
noises ; an advance upon this is the determination of 
their direction ; *a higher advance, the determination of 
their intensity ; and a still higher, the recognition of 
those combinations of impulses constituting a musical 
sound. For each of these successive requirements the 
auditory mechanism must necessarily become more com- 
plex ; and thus it first appears, as we have just stated^ 
as a sac of water, containing a stony grain or otolith 
imbedded in the oesophageal collar. A noise agitates 
the otolith, and by its movement the perception of a 
sound ensues. In cephalopodous mulluscs the auditory 
sac is detached, and the intercommunicating thread rep- 
resents the rudiment of what, in the higher grade of 
development, will be the auditory nerve. With another 
advance the sac is lodged in a cartilaginous cavity. 
Thus, in the cuttle-fish, a simple cartilaginous vestibule 
exists, having within it a membranous' bag or auditory 
capsule, filled with fluid, and upon the capsule the fila- 
ments of the auditory nerve are spread. An otolith or 

How may that conclasion be illustrated from comparative anat- 
omy ? Give a general view of the auditory mechanism. Describe 
the comparative anatomy of the ear. 



n 
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ear-stone is placed within, and this constitutes the entire 
apparatus, while yet there is no vibrating membrane 
and no fenestral aperture. 

Even in still higher conditions the purely mechanical 
character of the structure is manifest, and so, in some 
of those in which the sac opens exteriorly, grains of 
sand, that have been introduced by chance from with- 
out, rest on the hair-like filaments which the auditory 
sac contains, each filament apparently including a nerve 
fibril. In a still higher condition of advance, as, for ex- 
ample, in the lobster, a portion of the shelly wall form- 
ing the boundary of the auditory cavity is unconsoli- 
dated, and a membrane stretching over the* otherwise 
vacant space presents the first rudiment of the fenestra 
ovalis. With the exception of the amphioxus, all verte- 
brated animals have a special organ of hearing, which, 
in successive tribes, presents an interesting increase of 
complexity, beginning in the cyclostomes with a sac in 
the cranial cartilages filled with water, nerve fibrils dis- 
tributed on its walls, and an otolith included, but no ex- 
ternal communicating aperture. From this, in succes- 
sion, the various portions to be developed in perfection 
in the higher races gradually appear; the myxine has 
one semicircular canal arising from the vestibule, the 
lamprey has two, the higher forms have three. As the 
case may be, a portion of the cartilage or bony parietes 
is deficient, and, again, the fenestra ovalis is the result. 
'I'hough in the osseous fishes there is neither tympanum 
nor cochlea, in some few the rudiments of the former 
begin to exist. The naked amphibia have no cochlea, 
and only one fenestra, answering to the ovalis: to this 
is fitted a stapes ; but in lizards and scaly serpents there 



is a general adiMce, these hiaving .a conical cochlea. 

ough them the plan is o^jti 
tympanic cavity and its chain of bones,Tne Eustachian 



As we pass through them the plan is ciM^ied out; the 



tube, and cochlea appear; and with the rudiment of the 
cochlea there is presented in the tympanic cavity a sec- 
ond aperture, answering to the fenestra rotunda. In 
^irds the structure offers a continued improvement, com- 
mencing on a plan analogous to that of the scaly amphib- 
ia, but exhibiting a speedy development. The mem- 

^1- ■■■ I ■■■■■■■- — _ 

In what .order are the parts of the ear developed in the animal se- 
ries? 
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brana tympani is composed of several layers ; the cavity 
of the drum communicates with cells in the cranial 
bones, the analogues of the mastoid cells ; a bony Eus- 
tachian tube crosses to meet its fellow of the opposite 
side, and open in a common aperture. The ossicles con- 
sist of a malleus, a staff-shaped intermediate bone, and a 
flat stapes, resting on the fenestra ovalis. As if to show 
a tendency to the form it is eventually to assume, this 
bone sometimes presents a forked appearance, the prep- 
aration for a stirrup shape. As regards this bone, birds 
and mammals may oe said to overlap, for in its more de- 
veloped condition in birds it bifurcates, but in the lower 
mammals, as the kangaroo, it is still cylindric. In birds 
of prey the semicircular canals are large, the cochlea 
fairly developed, though as a straight or slightly-curved 
tube, containing its scake and vibrating lamina : the ves- 
tibule has ear-stones. Through the monotremata this 
condition of construction is continued into the perfect 
mammals : all the aerial tribes have external ears, and 
full development is reached in the auditory mechanism 
of man. 

Now if we collate the facts here presented with the 
requirements of the condition of life demanded by each 
of these successive races, we shall find that the remark 
heretofore made, that the semicircular canals are for the 
recognition of the qualities of sound, is strikingly borne 
out, though, from our ignorance of what it is in which 
quality consists, we are wholly unable to offer an expla- 
nation of the precise mode of action of that part of the 
auditory mechanism. 

We are so prone to extend our ideas of our own per- 
ceptions to the case of other animals that it may not 
here be unprofitable to offer a remarl^erving to correct 
such views. jAd many of the sounWwe are familiar 
with, birds aira other lower tribes are totally deaf; they 
can not appreciate, except within a narrow range, the 
notes of music, and, indeed, to all those in which there 
is no cochlea such notes are inaudible. In the lower 
grades nothing more than a noise can be detected, and. 
that doubtless in a very indefinite way. We can there- 
How do these facts bear on the interpretation of the use of the 
semicircular canals? Why is it that all inferior animals are partial- 
ly deaf? 
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fore understand how^ through imperfection of construc- 
tion, they are cut off from the perception of an infinite 
number of occurrences obvious enough to us. Even 
among our domestic animals, to which we so often speak 
or sing in the way we do to one 'another, the intellectual 
obtuseness we think we recognize doubtless originates 
in an incapacity to receive those expressions, because of 
faulty structural condition. 



CHAPTER XVI. 

OF VISION. 

Perception of Warmth, — Structure of OceUi. — Use of 
Lenses. — Physical Principle of the Organ of Vision, 

Description of the Human Eye, — Optical Action of its 
Parts. — Spherical and Chromatic Aberration. — P&- 
ceiving Screen of the Eye is the black Pigment. — 
liong and short Sights and their Correction. 

Nervous Mechanism of the Eye : its Structure and 
Functions, — Manner of Perception by the Retina, — 
Ocular Spectra. — Erect Visio7i. — Idea of the Solidity 
of Bodies. 

Accessory Apparatus of the Eye, — The Eyebrows. — 
Eyelids. — Lachrymal Apparatus. 

In the animal series, long before any thing like a dis- 
tinct organ of vision can be detected, there is a percep- 
tion of light and darkness. The hydra, a fresh-water 
polype, offers an example, for this animal seeks the sun- 
ny side of the vessel in which it is placed, preferring it 
to the shade. In the absence of a visual organ, there 
can not be a doubt that its movements depend on the 
perception of warmth, just as when a man who is total- 
ly blind passes from the sun into the shade, his feelings 
at once notify him of the change. 

Dr. Franklin made an experiment to the following ef- 
fect. He placed on the snow, on a sunshiny winter day, 
pieces of cloth of different colors — ^black, yellow, white, 
etc., etc. — in such a position that the sun's rays fell 

What is the first indication of the perception of light? Describe 
Dr. Franklin^s experiment. 
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equally on them. After a certain length of time, on ex- 
amining them, he found that the black cloth had melted 
its way deeply into the snow, the yellow to a less depth, 
and the white scarcely at aU. He therefore drew the 
conclusion that, when they are receiving light, surfaces 
become warm in proportion to the depth of their tint, 
and that, of all surfaces, one having a velvety blackness 
is most sensitive, because it can exert the most powerful 
absorbent agency. 

On this principle the QCfelli of the lower tribes are con- 
structed. They consist of a collection of pigment gran- 
ules, usually of a red, black, or dark color, seated on the 
expansion of a nervous thread. The principle contained 
in this mechanism is that of relieving the general sur- 
face from the impression of light, or rather of rendering 
it more intense by centralizing it upon a special locality. 
Such a construction involves at once a change in the 
nervous mechanism, by devoting a particular system of 
nerve tubules to the new duty. But, notwithstanding 
this increasing complexity of structure, the physical prin- 
ciple is still as simple as before. It is indeed almost as 
though a blind man should paint upon his skin a black 
space, so that, as in Franklin's experiment, it might be 
more sensitive to the sun. With this devotion to a new 
duty the nervous tubules doubtless assume an isolated 
function, and thus there ^ses a nerve of special sense. 
The ocelli of the lower animals are sometimes quite nu- 
merous. From this a new power is at once derived, 
the power of determining the position of the source of 
light, a property doubtless becoming more perfectly 
marked in proportion to the number and symmetry of 
arrangement of the ocelli. As we ascend the animal se- 
ries in our examination, we soon find that complexity is 
being introduced. A membranous hood, arising from a 
little fold of the external tegument, shadows forth the 
rudiment of an eyelid, and seems to indicate to us that, 
even in these low grades, the condition we shall event- 
ually find so strikingly marked in the high ones already 
exists, that functional activity involves destruction, and 
that the sensory mechanism must have its period of re- 
pose. 

How are ocelli constructed ? What advantage is gained from hav- 
ing them symmetrically arranged ? 
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Approaching the more highly-developed conditions of 
the organ of vision, we may next consider the cases pre- 
sented by the eyes of insects and the eyes of higher 
mammalia. In these a new physical principle has been 
introduced, the optical property of the convex lens, a 
transparent solid, having one or both of its surfaces 
curved, and obtaining therefrom the power of forming 
representations, or images of objects in front of it, at a 
certain focal distance behind. 

The instrument known as the camera obscura repre- 
sents the opty5al construction of the eye. Upon a re- 
ceiving surface or screen, placed at the focal distance 
behind its lens, images are depicted of whatever objects 
may chance to be in front ; but— and this is a remark 
of interest to us now — the visual range, or field of view, 
is quite limited. In animals, the perfection of whose 
vision requires that, instead of being restricted in their 
view to a narrow space, they should be able, as it were, 
to take in almost a hemisphere at a glance, this extension 
of the visual function can only be accomplished in one 
of two diiferent ways. To use the illustration we have 
been employing, it may be attained by having innumer- 
able camersB pointing in innumerable directions, and 
conveying the resulting images to one common suiiace ; 
or by having one, or at most two, camerse set upon a 
movable stand, which can quickly point them in any di- 
rection, and so enable them to inspect successive fields 
of view with almost instantaneous rapidity. The for- 
mer plan is resorted to in most insects, the latter in man. 
In insects, the immobility of the head upon the trunk 
would interfere with any rapid rotation of the visual or- 
gan ; in man, the facility with which rotation can take 
place upon the neck as on an. axis, and the movement 
of the eye in its orbit, accomplishes the object without 
any kind of difiiculty. 

In continuing an investigation of the structure of the 
eye, it is convenient to consider it under three heads : 
1st. Its optical mechanism ; 2d. Its nervous mechanism ; 
3d. Its accessory apparatus. 

What is a convex lens? Wh*at is meant by its focal distance? 
Describe the nse of the camera obscura. By what methods may an 
increased field of view be obtained ? 



280 OPTICAL MECHANISM OF THE EY% 

l8t. Of the Optical Mechanism of the Eye. 

The human eye is of a globular form, and about one 
inch in diameter. It is not perfectly spherical, its later- 
al diameter being shorter than its antero-posterior by 
about one twentieth part. It may be described as con- 
sisting of three coats, which, forming a shell, contain 
transparent media and the optical apparatus. Jt might 
also be considered as arising from an expansion of the 
optic nerve into an almost spherical cavity, and which, 
being fortified by certain tissues behind, has a dioptric 
mechanism in front. ^ * 

The coats of the eye are three in number : the scle- 
rotic, the choroid, and the retina. The sclerotic is the 
exterior. It is a white fibrous membrane, very tough, 
and possessing the necessary resistance to give mechan- 
ical protection to the parts within. Within this is the 
choroid, a vascular layer or tunic, presenting on its inte- 
rior the black pigment which darkens tl^e interior of the 
eye. The innermost coat is the retina, an expansion of 
the optic nerve. The sclerotic coat is perforated in 
front, and into the circular aperture so arising the trans- 
parent cornea is let, like a watch-glass. Many anato- 
mists, however, consider that the cornea is absolutely 
continuous with the sclerotic, and a part of it ; the scle- 
rotic and the choroid are united round the edge of the 
cornea by the ciliary ligament. The iris is perforated 
in its centre, the aperture being designated as its pupil. 
Posterior to the iris is the crystalline lens, the space be- 
tween the lens and the cornea Tbeing filled with the aque- 
ous humor, in which the iris floats, dividing it into two 
regions, called, from their position, the anterior and pos- 
terior chambers. All the rest of the globe between the 
back of the lens and the retina is filled with a substance 
extremely transparent, and known as, the vitreous hu- 
mor. The aqueous humor, the crystalline lens, and the 
vitreous humor, by^ reason of their transparency, offer, 
therefore, np obstacle to the passage of light. 

Fig, 88 : a a, sclerotic, turned over ; 5, choroid ; c c, 
ciliary nerves traversing sclerotic, and going between it 
and choroid ; <?, retina ; 6, vitreous body ; f crystalline ; 

What is the form and size of the human eye ? How many coats 
has it ? How are they arranged ? 
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ff, middle section of iris ; h, middle section of cornea ; i, 
anterior chamber ; J, posterior chamber ; k, canal of Fon- 
^ tana, between the cilia- 

ry circle and iris on one 
Bide, and sclerotio and 
cornea on the other. 



Profile tIbw of Um «ya. Front view of the ejn. 

Ji^ff.&a; a, transparent cornea; & i^, sclerotic ; c,iriB; 
dj pupil ; e, ciliary circle ; ^, choroid, on which is seen 
the dichotomous termination of the oUiary nerves ; ff, 
ciliary processes ; A, cryataUine. 

Stg. 90 : a, upper eyelid ; b, lower eyelid, showing 
the different layers composing them ; c c, conjnncllva, 



reflected from posterior face of eyelid upon the anterior 
face of the globe of the eye; ti rf, orbi to-ocular aponea- 
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roais, prolonged npon e, the aheath of the optic nerve, 
and Heading eheath^ to the muscles ; f, the auperior rec- 
tus ; g, the inferior rectus ; A A, sclerotic, re-enforced be- 
hind by sheath of optic nerve, and in front by aponeu- 
rotic expansion of recti musclee ; i, transparent cornea, 
cut to show its lamellar texture ; jj, choroid ; k, ciliary 
circle ; I, ciliary body and proceesea ; m, iria and pupil ; 
n n, canal of Fontana ; o o, retina, continuous with sub- 
stance of optic nerve ; p, ciliary circle of Zinn ; g g, hy- 
aloid membrane ; r, capsular artery, lodged in hyaloid 
canal; s a, vitreous humor and its ccUa; t, crystalline 
and its capsnle ; u u, canal of Petit ; v, anterior obani' 
ber ; X, posterior chamber. 

t%g. 91 : a a, section of sclerotic ; b, exterior surface 
of the choroid, on which are seen, c c, the vaaa vortico- 
6&; dd, ciliary nerves ; e, ciliary ligaments ; _/", anterior 
face of iris; g, pupil, 

PkT. »1. Fig, 01 



Tta T^na oTilw choiold. The artarlM of the chcmid. 

Mg.92: a a, exterior snrface of the choroid and the 
ns, showing the arterial network of these two mem- 
FiQ. OS. branes, supplied by the ciliary' arteries, 

which, after having traversed the scle- 
rotic, divide into b 6, posterior oiliaries 
k for the choroid, and c c, anterior cilia- 
I ries for the iria. 

w In the optical axis of the eye there Is 
npon the retina a spot of abont the 
twentieth of an inch in diameter, called 
^•^Zfw*'^ *^*' yellow spot of Soemmering. Its 
position is shown in Mg . 93. The en- 
Describe Flg>. 91, BsTm! 
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trance of the optic nerve is at the spot marked at some 
distance on one side. 

Of the Optical Action of the Eye, 

It is the province of the works on natural philosophy 
to explain how, when rays of light fall upon a convex 
lens, or upon combinations of such lenses, an inverted 
image of the object will form at the proper focal dis- 
tance. For the purposes of physiology, it is sufficient 
to receive this as a fact, easily illustrated by 'observing 
the inverted images of external objects depicted upon a 
sheet of white paper when a convex lens or magnifying- 
glass is held at a partioolar distance between the object 
and the paper. 

In making such an experiment, some other facts inter- 
esting to the physiologist may be readily demonstrated : 
1st. That the focal distance, that is, the distance between 
the lens and the paper, is variable : it is greater for ob- 
jects that are near, less for those that are remote ; 2d. 
That lenses of different curvatures being compared to- 
gether, the flatter ones have the longest focus for objects 
at the same distance ; Sd. That lenses of the same focus, 
but of different diameters, give images unequally sharp, 
an indefiniteness being perceived in the image given by 
the lens of large diameter. This indistinctness is due 
to the spherical figure of the lens, and would not have 
occurred had the surface been ground to another conic 
section. It is called spherical aberration ; 4th. Unless 
the lens be of very long focus, or its aperture or diame- 
ter be very small, the edges of the images it yields will 
be fringed with rainbow colors, and thereby a second 
cause of indistinctness arises. It is called chromatic 
aberration. This aberration may be destroyed by prop- 
erly combining together lenses made of different refract- 
ing media, and with surfaces of suitable curvatures ; a 
combination in which this has been effected is termed an 
achromatic lens ; and if, at the same time, by proper ar- 
rangements, the spherical aberration has been destroyed, 
the lens is termed aplanatic. 

Now the aqueous humor, bounded by the cornea i% 

What 18 the optical action of a convex lens ? What is meant by 
spherical aberration ? What is. meant by chromatic aberration 7 
What is an aplanatic lens ? 
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front and the crystalline lens behind, acts as a convex, 
and therefore converging lens, and to this effect the 
crystalline itself adds powerfully, the two conjointly 
causing the images of external objects to form upon the 
black pigment. These images are, of course, inverted. 

The adjustment of the eye for perfect vision of ob- 
jects at different distances is accomplished by the action 
of the ciliary muscle, the requisite movement being to 
draw the lens farther from the black pigment when the 
object is near. There has been a difference of opinion 
as respects the actual screen upon which the images 
form. Some of the early optical writers regarded the 
black pigment as being that receiving surface, an opin- 
ion almost universally abandoned, the function having 
been of late attributed to the retina, but, as it appears 
to me, on totally insufficient grounds. The arguments 
against the retina, both optical and anatomical, are per- 
fectly unanswerable. During life it is a transparent 
medium, as incapable of receiving an image as a sheet 
of clear glass, or the atmospheric air itself; and, as will 
presently be found, when we come to describe its struc- 
ture, its sensory sui*face is its exterior one, that is, the 
one nearest to the choroid coat. But the black pigment, 
from its perfect opacity, not only completely absorbs 
the rays of light, turning them, if such a phrase may be 
used, mto heat, no matter how faint they may be ; it 
also discharges the well-known duty of darkening the 
interior of the eye, and therefore preventing indistinct- 
ness through the straying of the rays of light. Perfec- 
tion of vision requires that the images should form on a 
matl;ematical superficies, and not in the midst of a 
transparent medium. The black pigment satisfies that 
condition, the retina does not. 

Spherical aberration is compensated for partly by the 
increasing density of the lens toward its centre, and 
partly by the action of the iris, which stops such rays 
of light as are at any considerable distance from the 
axis gf the eye, acting in the same manner as a perfora- 
ted plate or diaphragm in ordinary optical instruments. 
^ It does not appear that there is anyw attempt at cor- 

What are the convergent media of the eye ? How is adjastment 
for distance accomplished ? Wh%t is the receiving screen of the 
eye 7 How is spherical aberration corrected ? 
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recting the chromatic aberration of the eye, though it is 
popularly supposed that the cornea, the aqueous humor, 
the lens, and the vitreous humor act together in the 
same manner as the different pieces of glass in an ach- 
romatic arrangement. Optical reasons, however, found- 
ed upon the constitution and refractive powers of those 
substances, lead us to abandon that view, and in a theo- 
retical respect to regard the eye a^ imperfect in this 
particular. 

Adjustment for the variable intensity of light is effect- 
ed by the dilatations and contractions of the iris/ the 
pupillary opening of which varies from the ^ to the i 
of an inch in diameter. We are thus enabled to bring 
to the same degree of illuminating effect upon the retina 
lights differing in brilliancy in the proportion of one to 
forty-five. 

In what has been said, reference is made to a perfect 
eye; but imperfections are very common. Two may 
be more particularly pointed out — ^long-sightedness and 
short-sightedness. In the former, objects, to be seen 
distinctly, must be placed farther off tnan the usual dis- 
tance ; in the latter they must be brought nearer. Long- 
sightedness arises from the flatness of the lens or cornea, 
so that the focal images given do not fall truly on the 
black pigment, but would be, at a ceitain distance, ex- 
terior to it; hence the indistinctness that results. Short- 
sightedness is due to ah excess of curvature in the cor- 
nea or lens, the rays forming their focal images before 
the black pigment is reached. The former defect may 
be removed by the use of convex lenses as spectacles, 
the latter by concave. It is often said that short-sight- 
edness is a. defect of early life, long-sightedness of old 
age. However this may be in another respect, it is n# 
so optically. Indeed, cases sometimes occur in which 
one eye is affected with the former and tbe other with 
the latter difiiculty. Very frequently the two eyes, com- 
pared together, will be found differently advanced in 
their degree of imperfection, and hence the difficulty of 
obtaining a pair of spectacles, though the selection is 
attempted to be made out of a large assortment. In 

Is the chromatic aberration corrected ? What is the adjustment 
for variation of brightness ? Wbat are long and short sight ? How 
may they be corrected ? 
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such cases, each eye should be accommodated with a 
lens to suit itself. 

Compared with the organ of hearing, the eye is much, 
more limited in its action ; for, while the ear can distin- 
guish sounds varying through many octaves, the eye 
can only perceive vibrations which, to use the language 
of acoustics, differ by a single octave only. To one 
octave, therefore, its range is limited. 

The eye is limited in another respect; it can not 
simultaneously compare lights differing from one an- 
other in brilliancy if the one should be upward of 64 
times as bright as the other. The more luminous over- 
powers or extinguishes the feebler. We can not see 
the light of a candle if we hold it up against the sun. I 
may refer to the experiments I have published, estab- 
lishing that upon this fact is founded the most exact 
method of photometry yet known. . 

2d. Of the Nero(mB Mechanism of the Eye. 

The retina, commonly described as an expansion of 
the optic nerve, intervenes between the vitreous humor 
and the choroid coat. 

Regarding it as composed of distinct layers, the inner- 
most of which, in contact with the hyaloid membrane, 
is called the ^br%us gray layer, arises from the tubules 
of the optic nerve, which have cast off the white sub- 
stance of Schwann ; and in passing, we may dwell em- 
phatically upon the point that at that spot, where it ex- 
ists alone, that is to say, where the optic nerve is enter- 
ing the eye, vision can not be performed. Beneath, or 
outside this fibrous layer, comes the gray vesicular lay- 
er : it is analogous to the vesicular matter of the brain. 
Wie two layers thus far described are served with cap- 
illary blood-vessels of extreme minuteness. Outside of 
the gray vesicular layer is the granular layer, which, as 
its name imports, consists of a congeries of granules, 
probably the origin of the vesicles, new ones arising 
from this layer continually. Yet again, outside of the 
granular layer, comes a delicate sheet, known as the 
membrane of Jacob, but formed, in reality, from the 

What is the limit of vision ? What is the limit in variations of 
brightness? Describe the construction of the retina? What is Ja- 
cobs membrane ? 
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juxtaposition of a set of rod-shaped and conical bodies, 
the thicker ends of the rods being outward, the thinner 
inward. 

It is to be particularly remarked that the sentient or 
receiving part of the retina is the posterior, or that which 
is in contact with the black pigment. 

The seoiliid pair of nerves, from which the retina is 
thus derived, are, from their function, designated the 
optic nerves. They do not enter the sclerotic in its op- 
tical axis, but at a little distance on one side, and ob- 
liquely — a provision doubtless intended, in a measure, to 
avoid the occurrence of the blind spot on the centre of 
the field of vision, and to place it unsymmetrically in the 
two eyes, so that each eye shall compensate the defect 
of the other. 

Besides the optic nerve, which is exclusively the nerve 
of vision, the collateral parts of the eye are supplied from 
various sources. Of these nerves, the functions are very 
various; some are for the movement of the ball, or for 
general sensibility of the surface, or foi^tlje movements 
of the eyelids, or for those of the iris, and some foi' the 
lachrymal apparatus. 

Of the Function of the Nervous Mechanism of the Eye. 

Reasons have already been given for considering that 
it is the black pigment which acts as the receiving or 
optical screen, and not the retina. If no other argument 
was adduced for departing from the opinion usually ex- 
pressed, attributing this function to the retina, the thick- 
ness of that structure would be sufficient ; images can 
only form with precision or sharpness upon an abrupt 
surface. And since it is now indisputably ascertained 
that both the chemical effect and the heating effect of 
the rays of light depend upon their absorption, those 
effects being in direct proportion to the completeness 
of the absorption, we are justified in inferring that, since 
the eye is sensible to rays of a very low intensity, and to 
each of the colored ones equally, its screen of reception 
must not only be a superficies, but likewise a black one. 
Such a surface the black pigment is. In the case of al- 

Which layer of the retina is its sensitive one ? How are the optic 
nerves arranged ? What other nerve supplies are given to the eye ? 
How is it certain that the black pigment is the rec^ving surface? 
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binos, and animals having the black pigment imperfectly 
developed, the receiving surface or screen is still the in- 
terior of the choroid. Under such circumstances, vision 
must be indistinct. 

Recalling what has been said respecting the diffuse 
sensibility of the lower members of the animal series to 
light, and the structure of ocelli, it accordj^pw^ell there- 
with to consider that the primary effect of the rays of 
light upon the black pigment is to raise its temperature, 
and this to a degree in relation to their intensity and in- 
trinsic color; light of a yellow tint exerting, as has been 
said, the most energetic action, and rays corresponding 
to the extreme red and the extreme violet the feeblest. 
The varied images of external objects thus painted upon 
the black pigment raise its temperature in becoming ex- 
tinguished, and that in the order of their brilliancy and 
color ; the pigment thus discharging a double duty, as 
a surface of extreme sensibility for calorific impressions, 
and also as darkening th^ interior of the globe. 

In this local disturbance of temperature, in my opinion, 
the a^t of vision commences, thia doctrine being in per- 
fect harmony with the anatomical structure of the retina, 
the posteripr surface of which is its sensory surface, and 
not the anterior, as it ought to be if the explanation usu- 
ally given of the nature of vision be correct; and there- 
fore, as when we pass the tip of the finger over the sur- 
faces of bodies, and recognize warm and cold spaces there- 
upon, the same occurs with infinitely more delicacy in the 
eye. The club-shaped particles of Jacob's membrane are 
truly tactile organs, which communicate to the sensory 
surface of the retina the condition of temperature of the 
black pigment. 

But this communication of a variation of temperature 
implies a variation in the waste and repair of the retina 
itself, for there can be no doubt that all such changeb are 
accelerated by an increase of heat, and diminished by its 
decrease. And though in this manner the origin of the 
action which has been set up is calorific, and therefore 
physical, it immediately becomes converted into a physi- 
ological equivalent in the metamorphosis and destruction 
of a nervous tissue. " - _______^_ 

What is the effect of heat upon it? Describe the mode of percep- 
tion by the retina ? 
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The eye can not perceive rays coming from a source 
the temperature of which is lower than 1000° F., for such 
rays can not pass through a stratum of water or through 
the humors of the eye. Natural philosophers, in making 
a distinction between light and heat, have too often over- 
looked the fact that, though thermometers are sensitive 
to rays of ^very sort, the eye is not. Its indications are 
complicated by the necessary introduction of absorbent 
media, which stop all rays of low refrangibility. 

The impression arising fi'om the disturbed condition 
of the retinal vehicles is carried by the optic tubules to 
the chiasm of the two nerves. Apart from the general 
facts elsewhere presented by physiology, the existence 
of a blind spot at the entrance of the optic nerve, where 
there is a necessary absence of vesicular structure, is a 
clear proof of the insensibility otthe tubular structure to 
the influence of light. Considering, therefore, the retina 
as typically composed of three layers, one of tubules, one 
of vesicles, and one of granules, and these in health being 
pei*fectly transparent, the luminous- beams pass through 
them just as they do through the atmosphere, without 
exerting the slightest effect ; and as, when those rays 
strike the opaque surface of the earth, or are absorbed 
by the sea, heat is disengaged and effects ensue, so like- 
wise, when they have reached the black pigment, the 
changes I have been designating arise. The vesicular 
layer undergoes rapid metamorphosis, the effect of that 
change is transmitted by the tubular layer, and in the 
granular the germs are constantly arising from which 
the waste of the middle layer is repaired. So, therefore, 
the tubular layer is for conduction, the vesicular layer for 
waste, the granular layer for repair; and now appears 
the significance of the construction and proximity of the 
choroid coat, for the waste of the vesicular layer can not 
occur save under the oxidizing influence of the arterial 
blood, nor can the nutrition of the granular layer be ac- 
complished except under the same condition. Moreover, 
the resulting products of waste require to be quickly re- 
moved, and it is not possible to conceive the construction 
of an arrangement better adapted for this triple object 

Why can not (he eye perceive rays issuing from a source lower than 
1000^ ? What is the function of the two chief layers of the retina 
and of the choroid ? 

N 
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than that which the choroid presents. On the old view 
of the nature of vision, the construction of the choroid 
seems to be without significance. 

The effect thus communicated to the vesicular layer 
of the retina, through the intervention of Jacob's rods 
and cones, is now carried along the nervous tubules out 
of the globe of the eye. The nerves from each eye, con- 
verging, encounter one another at the chiasm. Here it 
is, however, to be understood that, while the proper op- 
tic tubules of the right eye .go to the left brain, and of 
the left eye to the right brain, the anterior band of com- 
missural tubules brings the two eyes into a special relar 
tion with one abother, the right side of one eye corre- 
sponding with the right of the other, and the left with 
the left; or, to put the same statement under a more sim- 
ple yet more instructive form, the outer side of one eye 
corresponds with the inner of the other, and in this man- 
ner the two retinae become as if they were virtually in- 
cased the one within the shell of the other, .an arrange- 
ment obviously compensating in a degree for the blind 
spot of each eye, and, indeed, eliminating the effect of all 
accidental irregularities, for numberless such irregulari- 
ties must exist, there being a necessity, for example, that 
blood-vessels should cross through the sensitive to the 
conducting structures, and such blood-vessels give rise 
to lines of inertness. 

From this commissural arrangement it comes to pass 
that each retina possesses regions of symmetry with the 
other, and on this singleness of vision depends ; ^ach 

Eoint of the outer portion of the retina of the right eye 
as its point of symmetry iti an inner portion of the left;, 
and when from a diBtant object rays fall on these sym- 
metrical points, that object will be seen single ; but if, 
by the pressure of the finder or otherwise, we compel 
the image to fall in one of the eyes upon another, and, 
therefore, non-symmetrical point, the object at once be- 
comes double. It should be remarked that this exchange 
of symmetry concerns only the lateral divisions, for the 
upper portion of one eye corresponds with the upper 
portion of the other, and the lower with the lower. 
Impressions made upon the retina do not disappear 

Describe the interconnection between the right and left eye. What 
is its result ? Explain the cause of single and double visi§ii. 
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instantly, but gradually fade away, and in so doing oc- 
cupy a certain period of time, varying with the bright- 
ness of the original light, the existing condition of the 
eye, and the illumination to which it is exposed. This 
duration of impr^sions is commonly estimated at about 
one third of a second. It is a phenomenon analogous 
to that of the coiftinuance of sound in the ear, and sub- 
serves an important purpose of keeping vision continu- 
ous and distinct during the winking of the eyelids. 
. Commonly it is illustrated by referring to the familiar 
experiment of a stick lighted at one end and twirled 
rapidly round, which gives rise to the appearance of a 
continuous fiery circle. Many ingenious and interesting 
toys, such as the thaumatrope or wonder-turner, act on 
this principle. 

There have been few optical problems more warmly 
contested than that of erect vision. The image at the 
bottom of the eye is inverted, but we see the object up- 
right. Some have supposed that we really see things 
upside down, but have learned to correct the error by 
the sense of touch. Doubtless the true explanation is 
to be found in the anatomical construction of the eye. 
It should be borne in mind that there is a very wide 
difference between the image formed at the bottom of 
an eye as we look at it, and, if such an expression may 
be used, as the eye itself looks at it. We see it from 
behind, the retina sees it from the front. 

The stereoscope shows to what an extent our ideas 
of th'e solidity of objects depend on the differences of the 
images in each eye. By reason of their difference of po- 
sition, each of the two eyes will have a diflftrent picture 
upon its black pigment of any solid object, and the mind, 
combining these dissimilar pictures into one, gathers 
therefrom the idea of solidity. If thus we offer to the 
eyes two pictures of a given object, presenting the same 
form as that object would have done when seen from 
each eye respectively, the mind combines these flat pic- 
tures together, and can not divest itself of the idea of a 
solid body. This is the principle of the stereoscope. 

The eye is adjusted to the varying intensities of light 

What is the daration of impressions on the eye ? Is any thing 
known with certainty as to erect vision ? On what principle does the 
stereoscope depend ? 
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by the motions of the iris, which admits more or fewer 
rays according to its state of contraction, an action, on 
certain occasions, aided by the orbicularis palpebrarum, 
which, by bringing the eyelids together, limits the num- 
ber of rays passing to the pupil. 

Although many images may be simultaneously exist- 
ing upon the retina, the mind possesses the power of 
singling any one of them out and fastening attention 
upon it, just as among a number of musical instruments 
simultaneously played, one, and that perhaps the feeblest, 
may be selected, and its notes exclusively followed* 
These phenomena, however, are not dependent upon any 
peculiarity of construction of any of the organs of sense; 
and as the mind can perceive the images of external 
things, so can it give nse to spectral illusions which may 
simulate perfectly the aspect of external forms. The 
anecdotes of such occurrences found among all people 
are not the fabrications commonly supposed. The mind 
can be readily deceived, even in spite of itself, as the 
phenomena of the stereoscope prove ; and spectres, hav- 
mg their origin in natural or diseased conditions of the 
brain, may accurately replace images that have been 
painted in the eye. It is said, however, that we may 
readily distinguish, by means of a simple optical test, a 
true external apparition, if any exists, from a phantom 
of diseased imagination; for by pressing duly with the 
finger on the ball of one of the eyes, external objects are 
at once doubled, but it is not so with a mental illusion ; 
and we may therefore suspect that, even in the best au- 
thenticated cases of the appearances of these unnatural 
forms, had tfcis test been applied, their true character 
would have been ascertained ; and that, since none of 
them would have undergone duplication, they would at 
once have been detected as mere hallucinations of the 
mind. 

It is to be understood that the sensation of light is 
purely mental, and whatever can disturb the nutrition 
or waste of the retina will give rise to luminous impres- 
sions. The pressure of the finger on the ball of the eye, 
a blow, the passage of an electric current, and divers 

What is the nature of ocular spectra and subjective images ? What 
test is there for them ? How is it known that the sensation of light 
is purely mental? 
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Other causes, will at onceproduce the appearance of 
light, and even of colors. Heat is only one put of a mul- 
titude of agents that can disturb the retina. 

Sd. Of the Accessor^/ Apparatus of the Eye. 

The accessory apparatus of the eye consists chiefly of 
the eyebrows, the eyelids, the Meibomian glands, the 
lachrymal mechanism, and the muscles for the move- 
ment of the ball. 

The eyebrows are two arches of integument, covered 
with hair, on the upper edge of the orbit. They are 
usually classed with the appendages of the eye upon 
the supposition that they protect that organ from undue 
intensity of light, or preserve it from the. ingress of 
drops of sweat. They aid greatly in the expression of 
mental emotions, but perhaps should rather be looked 
upon as among the remaining vestiges of the hairy teg- 
ument affording a protection to the entire skin of other 
mammals below man in the animal series. The eyelids 
may be described as a pair of valves, the upper one hav- 
ing a much greater latitude of motion than the lower. 
Their use is to afford protection to the eye by closing 
entirely over it, more particularly duting sleep ; to keep 
its optical surface moist and free from dust by their 
winking motion. They are brought into action by the 
contact of air or of irritating particles, through the fibres 
of the fifth and facial nerves, or by the agency of light 
upon the retina. The edges of the lids are furnished 
with rows of curved hairs, the eyelashes, adding greatly 
to the protection of the delicate organ beneath, while 
permitting vision to take place to a certain extent. 
Opening upon the edges of the eyelids are the foramina 
of the Meibomian glands, in the upper lid there being 
about thirty, in the lower somewhat fewer. The glands 
themselves are imbedded on the internal surface of the 
cartilage of the lids, and afford an oily secretion, to dis- 
charge the double duty of preventing adhesion of the 
lids, and, by its relation of capillary attraction, hinder- 
ing the overflow of the water which moistens the eye 
upon the 6heek. 

Of the lachrymal apparatus, it may be said that in the 

Of what does the accessory apparatus of the eye consist? What is 
the use of the eyebrows ? What is the use of the eyelids ? 
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same manner that we breathe upon a spectacle glass 
and wipe it .that its surface may be perfectly clean, so it 
is necessary for the optical action of the cornea that its 
surface should be constantly washed, and even more so, 
for its lamellated structure is such that, if it be not kept 
constantly damp, it loses much of its transparency. This 
therefore renders it necessary that there should be a 
mechanism for the supply of water, another for spread- 
ing that water uniformly over the surface of the cornea, 
and a waste-pipe for carrying any surplus away. The 
lachrymal gland discharges the first of these duties. It 
is situated in the upper and outer angle of the orbit ; its 
secretion, a bitter and somewhat saline water, is brought 
to the surface of the conjunctiva by eight or ten little 
ducts arranged in a row for the purpose of equalizing 
their discharge. The spreading of this fluid over the 
eye, and the simultaneous wiping of the surface, is ac- 
complished by the eyelids. Usually the water that has 
been employed is dissipated by evaporation into the air ; 
but ii^ by reason of meteorological circumstances, such 
as the dampness of the atmosphere, or by the supply be- 
ing too abundant, there should arise an excess, it is car- 
ried off through t^o minute orifices upon the edge of 
the eyelids, the puncta lachrymalia. These draw off any 
collection of water that may have accumulated in the 
lachrymal lake, and, carrying it into the lachrymal sac, 
discharge it through the nasal duct into the cavity of 
the nose. From this it is removed by evaporation, the 
current of air q,lternately introduced and expired afford- 
ing the means of accomplishing that object in a remark- 
able manner. But should the discharge of water from 
the lachrymal gland become excessive, as in weeping, 
this draining mechanism is insufficient, and the water is 
discharged as tears down the cheek. 

Describe the lachiymal apparatus. In what manner does it op- 
erate? 
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CHAPTER XVn. 

OF TOUCH. 

Functions of the tactile Mechanism : its Structure, — He- 
gions of different Sensitiveness. — Perc^tion of Tern- 
peraMcre, 

Thb tactile organ is the skin, or some part, modifica- 
tioD, or appendage oi^it. The general functions of the 
skin have been already described. It remains to speak 
of it in connection with the sense of touch. 

In man, the skin possesses tactility to a different de- 
gree in different regions. On the tips of the fingers and 
on the lips the sensory perception is most acute, while 
it is at a minimum on the trunk and thigh. Its proper 
organ is to be regarded as arising from a concentration 
of general sensibility of the skin upon a special construc- 
tion, the papillary body, as it is termed. The organs of 
vision and hearing consist essentially of two portions, a 
receiving and a nervous, the former being constructed 
on the»principles of optics in the one case, and of acous- 
tics in the other. A similar doubleness of structure may 
be recognized in the instance noV before us* though 
with a difference of effect, for in those cases the outer 
or receiving organ is for the purpose of more powerfully 
concentrating the influence received, but in touch it is 
the reverse. The office of the cuticle, which covers over 
the true skin, is to render it less sensitive to external im- 
pressions, and for this reason, therefore, it varies in thick- 
ness in different regions, being less developed on those 
portions that are more particularly devoted to tactile 
sensibility. Considering the hand, or, perhaps, more 
correctly, the tips of the fingers, as being chiefly de- 
voted to the purposes of touch, no construction could be 
conceived of better adapted to that end. Placed at the 
extremity of the arm, a lever jointed at its middle, the 

Does the skin possess equal tactility in all its parts? What is th6 
fanction of the papillary body ? What doubleness of strnctare may 
be observed in the skin ? Describe the general construction of the 
organ of prehension. 
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elbow, and the fore part of which has a motion of par- 
tial rotation, pronation, and supination upon its own 
axis, the hand being carried so that its palm presents 
upward or downward, or in any of the intermeiiate po- 
sitions included in the half- circular motion — jointed 
again by the bones of the wrist, so as to obtain a hinge- 
like movement, the hand may be flexed or extended al- 
most 180 degrees upon the forearm. Its bony struc- 
ture, subdivided into suitable pieces, is clothed with a 
multitude of muscles or their tendons. In the fingers 
and thumb the structure breaks up into five separate 
pieces, possessed of an incredible firmness when we con- 
sider the numberless motions accomplished. The posi- 
tion and articulation of the thumb, enabling it to set it- 
self in opposition to the other four digits, a feature con- 
stituting a hand, properly speaking, gives the power of 
grasping things perfectly, and makes the whole organ a 
perfect mechanism of prehension. The papillary struc- 
ture, developed in its utmost refinement on the tips of 
the fingers, and fortified behind by the nails, which pre- 
sent moderate resistance to pressures, completes this 
contrivance. There have been authors who have assert- 
ed that the superiority of man over other animals may 
be entirely accounted for by his possession of a l;and — 
a statement which, though it can not be maintained in 
its genepality, is yet a very good proof of the apprecia- 
tion in which this wonderful instrument is held by those 
who have studied its construction and functions most 
closely. 

•Between the indications that have to be dealt with by 
the hand as an organ of touch, and those dealt with by 
the eye, there is an essential difference. The eye, for 
example, receives the pictures of external objects upon 
a surface, but the hand examines the solidity of bodies. 
The former is occupied with length and breadth ; the 
latter with all three dimensions, length, breadth, and 
thickness conjointly. 

The mechanism for touch, as distinguished from the 
general dermoid sensibility, is the papillae. They may 
be described as conical eminences on the cutis, at once 

What is the essential construction of the hand ? In what respect 
is there a difference between touch and light ? Describe the struc- 
ture of the papillse. 
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solid and flexible, sometimes clavate in form, and some- 
times having nnmerons points. They are about the j^n 
of an inch in height, and the -j^ of an inch in diameter 
at their base, these dimensions varying, however, veiy 
greatly with the situation. They contain a loop of blood- 
vesaels and a twig of a sensory nerve, for all the centrip- 
etal nerves, with the exception of those devoted to the 
apecial senses, may be regarded as concerned in this func- 
tion. The papillfe contain an elastic substance — axile 
body, as it la termed — serving to heighten the sense, 
and the yielding structnro of the skin aids in the same 
effect. The papillse are covered over with the cuticle, 
through which, therefore, all action on them must take 
place. 

Mff. 94 represents simple papillffl of the palm, the cu- 
ticle having been detached. Mg. 95, compound papillfe, 
with two, three, orfourpoints: a, base of a papilla; bbb, 
separate processes ; o c c, processes of papUIie whose bases 
are Dot visible. Kn g. 



«aip1e pspUle, mignlflcd 3ti dl- 

uoeten. Compouad papUls, mAgnifiBd 00 dUmeurs. 

The mode in which the nerve fibre terminates in the 
papilla is as yet doubtful, some asserting that it is ar- 
ranged as a retursing loop, and some that it is by a 
pointed extremity. 

The sensitiveness of a part is in proportion to the 
number of papillge it contains. Tables have been con- 
structed setting forth the relations of different regions, 
as determined by placing a pair of compasses, the points 
of which were covered with cork, on the parts to be 
tried, the eyes being shut, and closing the compasses un- 
til the pieces of cork conld no longer be distinguished as 
separate. It appears that this will take place on the tip 
of the tongue when the points are the -^ of an inch apart; 
Hoiv ma; the senait[Teness of a port be measured? 
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on the tip of the third phalanx, at the -^ of an inch ; on 
the lips, the one sixth of an inch ; tip of the great toe, 
half an inch ; the lower part of the occiput, 1 inch ; and 
on the middle of the thigh, 2-^ inches. 

Our estimates of the hardness and softness, rough- 
ness and smoothness of bodies, is primarily dependent 
on indications derived from the sense of toucn. We 
should make a distinction, however, between feeling and 
touching, the former being essentially passive, the latter 
active ; and though we usually suppose that, of all our 
senses, touch is uie most reliable, it often conveys to 
the mind illusory impressions, as, for instance, in the 
well-known experiment of Aristotle, when the tips of 
the fingers are crossed over each other, and a pea rolled 
beneath them, it seems as if there were two peas, one 
under each finger. The indications of touch are gener- 
ally more correct than those of feeling. Thus, if we 
close our eyes, and another person moves the tip of our 
finger over an unknown surface, he can completely de- 
ceive us by duly varying the pressure, and make us be- 
lieve that it is concave or convex, whereas it may be 
flat ; but if we pass our fingers over the surface our- 
selves, we very quickly come to a true conclusion, be- 
ciause now we are conscious of the exertion of muscular 
power ; and from what ha% been said respecting hear- 
mg, we may infer how delicate our estimate of muscular 
exertion is. The former is therefore an example of 
feeling, the latter of touch. 

Connected with this distinction are the singular phe- 
nomena of tickling ; the regions most readily affected 
by this are those of low tactile sensibility. A person 
can not tickle himself, though it is^ said that cases are 
upon record in which one has been tickled to death by 
another. 

Besides affording an estimate of external pressures, 
the sensory organ enables us to discover variations of 
temperature. It may therefore be thus effected by bod- 
ies upon contact or by bodies at a distance ; and though 
we usually confound the two indications together, there 
is, in reality, a distinction between them ; thus, in cer- 
tain conditions of paralysis, the indications of the con- 

What is the distinction between feeling and touching ? What is 
Ari8totle*8 experiment? 
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tact of bodies may remain, bat those of heat and cold 
may have totally disappeared. On examining a surface 
from which the skin has been removed, it does not ap- 
pear capable of distinguishing hot from cold bodies, but 
only conununicates to the mind an indefinite sensation 
of pain ; nor can we create sensations of heat or cold 
by any irritation of the nerves. The measure of tem- 
perature by the agency of the skin is very far from be- 
mg exact, as is proved by the simple experiment of 
dipping the finger into very warm water, and then the 
whole hand into water many degrees cooler. The in- 
creased extent of surface seems to overcompensate for 
the lower temperature, and we come to the erroneous 
conclusion that the cooler specimen is the warmer of 
the two samples. 

As sounds may be heard which have np reality, but 
merely originate in the brain, or spectral illusions may 
be seen, so the sense of touch is subject to similar hal- 
lucinations, as a sensation of pressure or weight, or the 
crawling of insects on the skin ; and though we can not, 
by artificial irritation of the nerves, give rise to impres- 
sions of heat and cold, those effects very frequently oc- 
cur in this interior or subjective way. 



CHAPTER XVm. 

OF SMELLING. 

Structure of the Organ ofSmeU. — Its prcper Instrument 
the Mrst Pair o/Nisrves. — IdmitedMegion ofSmeU, 
— Duration of Odors. — Sitb^ective Odors. 

By the sense of smell we are able to distinguish many 
gaseous and vaporous substances from one another. 
They enter the nostrils with the respiratory current, and 
are brought in contact with the olfactory or Schneiderian 
membrane. Though received at first in the elastic state, 
they become dissolved in the mucus moistening that 
membrane. It does not follow, however, that all vapor- 
Is the measure of temperature hy the skin correct ? Can subjec- 
tive sensations of touch occur ? What is the mode of action of 
odors ? 
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OQS substances ^ve rUe to the perceptioD of an odor; 
for example, water itself communicateB no sensation 
whatever. 

The general principle involved in the conBtmction of 
the organ of smell is to expose an extensive and con- 
stantly moistened snrface to the Mr brought in by the 
respiratory current. Of course, other things being 
equal, the larger the surface, tbe more perfect toe sense. 
The object of g^ning a great extent of superficial ex- 

Eosuro under a relatively small volume is accomplished 
y spreading the sensitive mucous membrane on pro- 
jections or shelves, which also serve the purpose of in- 
tercepting the incoming current of air. 

The nose, thus constituting the commencement of the 
respiratory tract, forms a characteristic feature of the 
countenance. It is composed in part of bones and in 
part of cartilages, covered over with muscles and integu- ■ 
ment. Its five cartilages ^ve to it shape in its inferior 
portion, and, by their elasticity, enable it to redst ex- 
ternal injury. The whole surface of the nasal cavities 
is covered over with mucous membraDe, to which the 
names of pituitary or Schneiderian membrane have been 
^ven. This mucous membrane likewise extends into 
Uie maxillary antrum, ethmoid, and sphenoid cells, or 
sinuses adjacent, and opening into the same nasal oavity. 
The Scbneidenan membrane is highly vascular, and re- 
ceives its nervous supply from the nasal branches of the 
fifth pair, which give it common sensibility, but its ol- 
factory function depends on the distribution a certain 
portion of it receives from the first, or olfactory nerve. 
. Piff.M. Fig.«. -^ff- 96 illus- 

trates the distri- 
bution of the ol- 
factory nerve on 
1 the septum of the 
X nose. Mff. 97 is 
E its dietribution on 
r the outer wall of 
the nasal fossa. 
That the function of the first pnir of nerves is olfao- 



What is the general principle of construction of tbe olfactorr or- 
Han 7 Of what portions is the nose compoBed ? What ib the Schnei- 
derian membrane? Which pair of nerves U the oiractory? 
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• 

tory is proved by many facts. Animals in which these 
nerves have been divided are no longer affected by odors 
of any kind, and, generally speaking, the greater the de- 
velopment of these nerves, the acater is the sense of 
smell. In persons in whom this sense has been defective 
or totally absent, or in those who have been troubled 
with unpleasant odors of a subjective kind, post-mortem 
examinations have shown a corresponding absence or 
lesion of these nerves. 

In man, the proper olfactory organ is formed by the 
distribution of the olfactory, or r6rst pair of nerves, on 
the mucous membrane covering the upper part of the 
nose, the internal set of filaments being disposed on that 
of the septum, the external on that of the superior and 
middle spongy bones. The membrane is very vascular, 
and covered with a thick, pulpy epithelium. The fila- 
ments distributed to it have lost the white substance of 
Schwann. It is those parts alone to which these fila- 
ments are distributed which possess the sense of smell. 
It seems to be necessary for the vaporous or gaseous 
substances to be dissolved in the moisture covering the 
olfactory membrane in order to their exerting a proper 
effect. If, by chance, the membrane be too dry, the sense 
of smell is temporarily lost, and the same likewise oc? 
curs if it be unusually moist. 

From the mode of distribution of the olfactory nerve, 
it follows that the sense of smelling is restricted to the 
upper portion of the nasal cavity ; and, for this reason, 
when we desire to detect odors with unusual precision, 
the air is drawn violently into that region by sniflfing. 
On the contrary, we avoid the perceptipn of odors by 
breathing through the mouth, or, as the common phrase 
is, by holding the nose. 

In one respect there is a stciking difference between 
this sense and vision and hearing. We can perceive 
many luminous impressions at the same time, or hear 
many sounds in rapid succession ; but not so with odors. 
We can smell only one thing at a time, or^ at all events, 
the impression remains long upon the olfactory appara- 
tus, perhaps because* the odoriferous substance remains 

How are the olfactory Derves distributed ? To what portion of 
the nasal cavity is the sense' of smell restricted ? What is the cause 
of the duration of odors? 
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dissolved in the attached moisture. The identification 
of substances by their odor necessarily implies a resort 
to recollection or memory, and sometimes we have to ap- 
ply the fragrant object again and again to the nose be- 
fore we can recall with satisfactory precision its name. 
Diseases of the central organs will sometimes give rise 
to the perception of subjective odors, just as they do to 
spectral illusions or sounds in the ears. 



CHAPTER XIX. 

OF TASTK 

Conditions for Taste. — Structure and Functions of 
the Tongue, — Tactile and Ghustative Itegions of the 
Tongue. — Oomplementary Tastes, 

Though the function is participated in by other por- 
tions of the oral cavity, the tongue is to be regarded as 
the organ of taste. The physical conditions under which 
savors are perceived is that the substance shall be pre- 
sented in solution in water, or, at all events, in the saliva.- 
From vision, hearing, and smell, the sense of taste differs 
in the circumstance that it requires the contact of the 
acting body. 

Sensations of taste are very frequently conjoined with 
olfactoryperceptions, so that we mistake the one for the 
other. There are many substances, reputed to have a 
powerful flavor, which become tasteless when the nose is 
held ; and this remark applies more particularly to such 
as are at the same time volatile and soluble in water. 

The idea of taste may arise irrespectively of the pres- 
ence of any actual substance. Ji. sharp blow will pro- 
duce it, as also the passage of a feeble voltaic cur.rent. 
A narrow jet of air directed upon the tongue causes a 
taste resembling that of saltpetre. If the tongue be dry 
and parched, its power of discriminating tastes is greatly 
enfeebled, and the same thing takes place if its tempera- 
ture is very much changed, either by elevation or depres- 

Can subjective odors occur ? What is the physical condition for 
the perception of tastes ? How may that be related to the perception 
of odors ? . Give instances of the production of tastes by incidental 
agents. 
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sioD, as by keeping it for a short time in contact with hot 
or very cold water. 

The action of the tongue, as the organ of taste, de- 
pends upon the papilice on its surface. These structures 
give to the upper portion of the tongue its rough ap- 
pearance. They are of three, kinds : 1st. The conical 
papillffi, which are the most numerous ; 2d. The circum- 
Tallate papilte, situate near the base of the organ, and 
from .^ to T^ of an inch in diameter, with a crater-like 
depression, round the edge of which is a groove, and 
again a circular elevation ; 3d. The fungiform papilhe, 
i^ich are chiefly on the sides and tip, their shape being 
conical, the narrow end of the cone being downwar£ 
The epithelium of the tongue is less dense over the fun- 
|;iform papillae, and hence their projecting appearance : 
it is more dense over the conical papillse, and projects 
&om them in processes presenting an aspect like that of 
hairs. Some of them contain hair-tubes. Besides these, 
the surface of the tongue has a papillary structure re- 
sembling that of the skin — secondary papillie, as they 
are termed. It is supposed that the conical papillas are 
chiefly organs of prehension ; the others are organs of 
taste, but that function is participated in by other por- 
tions of the surface of the month, as, for example, the 
soft palate, its arches, and the F<g. es. 

tonsils. 

Mg. 98 represents the sur- 
face of the tongue and the ad- 
jacent parts : a a, lingual pa- 
pillse ; b, ciroumvallate pa- 
pilln, disposed along two con- 
verging lines forming the lin- 
gual V ; c, foramen csecum ; 
a d, fungiform papilke ; e e, 
filiform papillie ; /, frsenum 
epiglottidia ; g, epiglottis ; h, 
anterior pillar of velum ; i, 
stylo - glosBus ; Z, isthmus of 
the fauces ; sn, uvula ; n, ve- 
lum pendulum palati ; o, hard 
palate ; p, rapne ; g q, ori- 
fices of the excretory ducts Tha longuB. 

How mftny kinds of papilla has the tongne ? Describe Fig. 9B. 
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of the palatine glands ; r, palatine glands, the mncons 
membrane being removed ; 8, palatine glandules ; t^ mu- 
cous membrane covering the same glands ; u^ palatine 
tubercle ; v Vy section of the lower jaw. 

The organ of taste is placed at the commencement of 
the digestive canal ; hence the characters of substances 
may be examined with deliberation while they are yet 
under the control of the will, for when once a body has 
entered the oesophagus it is swallowed involuntarily. 
The tongue, therefore, gives warning of the presence of 
deleterious substances, and in no small degree excites 
the appetite by receiving the impression of pleasant fla- 
vors. The essential condition under which it acts is a 
moist state of its surface, for the dry tongue, though it 
enjoys common sensibility, after the manner of any pQr- 
tion of the external tegument, does not enjoy taste. 
One of the duties of the salivary glands is incidentally 
to maintain this moistened condition. To a certain de- 
gree, taste may be regarded as a refinement on touch. 

The surface of the tongue presents the tactile and 
gustative powers in an inverse manner. Examined by 
the method described in the chapter on touch, the com- 
passes must be opened to a great extent, as we pass 
from the tip toward the back of the tongue, in order 
that a double impression may be perceived. This con- 
dition appears to be in accordance with the requirements 
of the organ, common tactile sensibility being most nec- 
essary at its outer extremity, and this gradually passing 
off into the refinement of taste. The action of any given 
substance may be increased by motion and pressure, as 
when it is rolled over the tongue, or held thereby. Its 
sense of discrimination may be rendered more acute by 
education. 

As with the organs of the other senses, so with this, 
an impression made upon it does not instantaneously 
cease, but remains for a certain period of time, indeed, 
in this instance longer than in those. Hence many sub- 
stances acting in rapid succession give rise to a confused 
effect, though it is said that, out of such interminglings, 
an accomplished epicure can fasten his attention on one. 

What are the uses of the sense of taste ? Which are the tactile 
and which the gastative regions of the tongue ? Is it possible to sin- 
gle out one taste from many others ? 
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and continue to recognize it just as we recognize and 
follow the sound of one instrument in an orchestra. Ko 
explanation has as yet been given of the manner of action 
of different tastes, vthough it is asserted that some act 
upon one, and some upon another set of the papillsB. 
After-tastes are also observed, occasionally of a comple- 
mentary kind, as, for instance, the intensely bitter taste 
of tannin is followed by a sweetness. These after effects 
modify the taste of substances taken while they last. 
They therefore form an ample subject for the profound 
contemplation of the epicure, and should occupy the se- 
rious attention of the cook. They may be illustrated in 
a general manner by the injurious effect of sweet sub- 
stances upon the flavour of delicate wines. 



CHAPTER XX. 

OF ANIMAL MOTION. 

Cilidiry and MuscuLar Motion. — Description of Cilia, 

Muscular Fibre : its Forms^ Non-striated and Striated, 
— Muscle Juice, — Manner of Contraction of a Mus- 
cle: its supply of Bloo&vessels and Nerves, — Dura- 
tion of Contractility, 

Doctrine that Muscle Contraction is the resuU of Muscle 
Disintegration, — Manner in which ordinary Cohesion 
is brought into play, — Manner of Restoration, — He- 
moved of the Heat and Oxidized Bodies, 

Higor Mortis, — Connection of Muscle for^Docomotion, 
— Of Standing, — Walking, — Running. 

Animal motion is of two different kindis: 1st. It is 
accomplished by vibrating cilia ; 2d. By the contraction 
of cells arrange!^ in the form of a fibre. 

OF CILIAEY MOTION. 

The epithelial cells of the cylindrical and of the tessel- 
ated kind are occasionally arranged with delicate pro- 
jecting strisd on their free extremities. The length of 
these varies from the -j^ to the i^ioo of an inch. These 
strisB are termed cilia, and the cells are said to be ciliated. 

Give examples of complementaiy or after-tastes ? Of how many 
kinds is animal motion ? Describe cilia and their moyements. 
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Examples are presented by the macous membrane of the 

Fig. M. respiratory aurface and of the nasal 

cavities ; an illustration is given in 
I Mg. 99. The cilia may be regarded 
I as prolongations of the cell wall itself. 
* They exhibit a vibrating motion back 
and forth, recalling -the movements of 
stalks of gmu in a field as the wind is 
CDUtad Mill. passing over it, the eara bending down 
and rising again in the breeze, and throwing the whole 
surface into waves. The cilia also exhibit a movement 
like that known as the feathering of an oar, or sometimes 
aa tnrning ronnd npon the point of attachment, as upon 
a centrg, giving rise to a sort of conical motion, the free 
end describing a circle. These motions seem to be per- 
fectly involnntary, for they not only take place long after 
death, but even in detached portions, the ciliary cell be- 
ing uninjured and entire. The seats of ciliary action are 
always moistened surfaces. 

Ciliary motion is independent of nervous agency. 
The control of temperature and of chemical reagents 
over it shows that it is of a physical nature. 

Of Mu8cular Motion. 

The muscular STStem consists of muscular fibres, ten- 
dons, bones, together with varions accessory parts, sach 
as ligaments, sheaths, bursas muoosce, synovial capsales, 
fascia. Its action depends on the primary fact that, un- 
der appropriate influences, muscular fibre shortens. 

Each voluntary muscle consists of a collection of iss- 
ciculi, exhibiting the characteristic appearance of trans- 
verse Btriation, as in the photograph of muscular struo- 
ture of the frog {Mg. 100). The primary fasciculi are 
collected into larger bundles, secondar/ muscular fascic- 
uli, held together by connective tissue, and these, again, 
into BtiU larger, the tertiary. 

The primitive fasdculus is enveloped in a delicate 
sheath, the sarcolemma, as shown in Mg. 101, in which 
the fasciculus, though torn across, is held together by 

How IB cilituy motion known to be involuntarj ? How is it known 
to be of a phjaical niilure? Of what does the raaBcalar system con- 
sist? What is a muscular fascicnlosf Into what larger bandies is 
it collected i # 
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the Barcolemma. The 
specimen is from the 
human muscle. Mg. 
102 is agood represen- 
tation ofthe same fact. 
The sarcolemms is a, 
delicate membrane, of 




composed of many par- 
allel fibrils, which may, 
by maceration or chem- 
i(^ ^ents, be separa- 
ted from one another. These fibrils present a beaded 
aspect, and, since their constitnent elements are arranged 
side by side in parallel planes, they give to the fascicn- 
lua the appearance of striation it presents. The longi- 
tudinal striation of the fascicolna arises from the fibrils 
themselves. 

Mg. 103 (page 308) is a photograph of ultimate mus- 
cular fibre of the pig. The rectangular form of the 
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conslltneiit cells is well seen at a a a. At b, probably 
by reason of a twist, tension, or undue strain, a spiral 
appearance is presented ; c c are the primitive fasciculi. 

A fluid sarrounds the fibres of striped muscles, and 
the fibre cells of smooth ones, which is wholly different 
from the plasma of the blood. It contains a large 
amoHQt of caseiD. 

It is commonly stated that muscular motion is accom- 
plished by fibres of two different kinds: 1st. The simple, 
non-striated, unstriped, or organic fibre; 2d. The Stri- 
ated, striped, or voluntary fibre jnst described. Though 
this subdivision may be convenient, it can scarcely be 
regarded as accurate, since the former variety passes by 
insensible degrees during development into tne latter, 
and cases, indeed, are not wanting in which the same 
fasciculus presents in different parts both conditions at 
once. 

The non-striated mnscular fibre, Mff. 104, consisl^ of 
translucent bands of a soft granular material, varying 
from the -ji^ to gjaj of an inch in breadth, and exhib- 
iting here and there the traces of nuclei, particularly atV 
er the fibre has been acted on by acetic acid, as is shown 
in J^ff. 105. Each fibre may be regarded as an arrange- 

How many kinds of tnoBcnlar fibre are there? Whjig notlhia di- 
visioD Blriclly accoralo P Describe the non-etriated nmscnlar fibre. 
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ment of nucleated cells, the nuclenabeingofacylmdroid 
or Bpiodle form. The contractile content within is syn- 
tonin. Kon-Btriated fibre is not nsually attached to fix- 
ed pointB, as to bone, but, by being collected into par- 
allel bundles, difierent bundles interlacing with one an- 
other, contractile planes or snrfaces are formed, such as 
the cylindrical coat of musoular structure of the digest- 
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ive tnbe, or the contractile layer of the urinary bladder. 
Similar fibres, imbedded in the skin and connective tis- 
saes, commuDlcate to them the quality of corrugation or 
contractility. The fasciculi are bathed externally with 
an acid juice, characterized by containing salta of pot- 
ash, phosphoric acid, creatine, and inosite. The genei'al 
appearance of fibre cells of this cIreb is given in Fig. 
106 {page 809) : a is from the small intestine of man ; 
d, from tbe fibrons iaveatment of the spleen of the dog. 
The striated muscular fibre consists therefore of fas- 
ciculi, with an elastic investment of sarcolemma, collects 
ed into bundles. The contractile constituent is sjn- 
tonin ; and though the general role is that the primitive 
bundles shall run isolatedly and parallel to each other, 
in certain oases they anastomose. In its ultimate con- 
struction, the form of fibre may be regarded as consist- 
ing of a series of cells, as shown in Mg. 103, tbe diam- 
eter of which varies according to the actual condition 
of the muscle, whether it is in tbe contracted or relaxed 
state, but it may be taken, on an average, at the i ^ iioo 
of an inch. The cells are placed end to end, the bound- 
ary walls upon the end presenting the appearance of a 
delicate transverse line. In length, mnscular fasciculi 
vary from the sisth of an inch to two feet. The larger 
animals furnish some that are even much longer. The 
normal form is doubtless cylindrical, hut this is constant- 
ly departed from, each accommodating itself to the press- 
ure of the adjacent ones, Tbe sarcolemma serves as a 
partition between its included fibrils and the capillary 
y^-ioT. blood-vessels and nerves, 

which imbed themselves in 
the rounded angular spaces 
between adjacent bundles. 
The cross section of a portion 
of mnsde shows tbe manner 
in which the sarcolemma and 
the fibres are arranged, ^g. 
107 is from the human biceps. 
,^ , „ It has already been stated, 

in connection with J<\g. 104, 

With what juice is it bathed? What ia the contractile cooetitn- 
cnt of etrialed fibre f What a the diameter of its constituent cells ? 
Of what length ma; each fibres be? How are tlie blood-vessels and 
nerres airanged ? 
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that the striated form of mnsciilar fibre derived ita name 
from the circumBtance that, when examined by a suffi- 
ciently high power, it appears to be crossed by delicate 
transverse lines, the longitudinal separations between 
the fibrils being also visible. This is seen in the speci- 
men of insect muscle represented in the photograph, 
Mff. 108, and under a still higher magnifying power in 
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that oiMg. 100. The distance between the transverse 
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striie varies with the condition of the muscle, but on an 
average it is represented as being about the ttAfv of an 
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inoh. Many more strice are crowded together when con- 
traction takes place, and they retire from eaoh other as 
soon as relaxation occurs. 

It is said that the voluntary muHcIes contain in their 
muscle juice more acid than is enough to neutralize all 
the alkali of the blood. The electro-chemical relations 
of this interfascicular acid juice and the alkaline plasma 
of the blood are donbtless the cause of the production 
of those electric currents which have been demonstrated 
in the muscles. It does not follow, therefore, that these 
currents occur in the natural fitate : they may be the re- 
sult of the experimental arrangement for their own de- 
tection, since it has long been known that an acid and 
an ^kaline juice, separated from each other by a con- 
ducting organic body, will form an efiective voltaic 
circle. 

The contraction of a muscular fibre does not take 

Elace throughout its whole length at once ; it generally 
egins at the end, a change of aspect arising from the 
approach of the opaque centres of the cells to one anoth- 
er, and this ooonrring simultaneously across the whole 
fibre. This approach may, however, ensue in different 
parts of the length at the same time, the sarcolemma 
being r^ed up in bullfe as the contraction takes place. 

Fig. 110. 



rstllng muscle of D7UM1K. 



Fucimliui coDtru 



This effect is shown 
in Fig. HO, in which 
the thickened portion 
of the contracted mid- 
dle space of the mus- 
cle is surrounded with 
the sarcolemmic bul- 
lae. Mg. Ill exhibits. 



the iBrcoleDim&? 
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under the same oircnmBtances, a fasciculus from the eel, 
a being the uncontracted, b the contracted part, on the 
edge of which the sarcolemma ie again raised up, 

Difierent portions of the length of the fibre assnmis 
this condition at different moments, and faence the whole 
Btracture is thrown into a form recalhng the motion of 
a worm. The zigzag appearance arises from the eircum- 
stance that when relaxation of the fibre occurs all its 
parts are not brought at once into the same state, but 
while some are contracted others are in the opposite 
condition. It is to this reciprocation of motion that the 
Bonnd nsuallf emitted while the muscle is in action, a 
low ringing sound, is to be attributed. 

Striated muscle is often attached to bone, or other 
substance on which it has to exert its mechanical pow- 
er, by intervening fibrous tissue constituting tendon. 
These fibres are collected in groups, so as to present 
primary, secondary, and tertiary fascicnli. The tendin- 
ous fibres are brought in relation with the sarcolemma, 
and thus form a sheath connected with adjacent onea by 
■ other detached fibres. 

From the peculiar struc- '^- *'"■ 

ture of muscular tissue, the B 
capillary vessels distributed B 
to it must run in a direction ■ 
for the most part parallel to a 
its fibres, as in Mff.112. | 

In the same general man- g 
ner that the blood-vessels are ^ 
distributed, so likewise are ° 

the nerves. An example of d*^"-"-" ot^.^^ cpnurie^ 
this is seen in Mff. 113, p. 314. They never penetrate 
the sarcolemma, but run in close contiguity with it, their 
distribution to different parts of the fasciculi being very 
unequal, 

OP TBB nrNcnON of utscitlab fibre. 
The mechanical action of muscular fibre depends on 

Are all portions of the length of b. fibre in contraction at once? 
Are adjacent fibres all simultaneonelj contracled ? What is the 
cause <i the soand a muscle emits? What is the mode of atlach- 
loent of mnscle to bone? In what manner ]a the dittnbalion of 
blood-reasels and nerves to moKles arranged ? 

o 
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the Bhortening of the long axis of the cells of which the 
fibres are composed. To this result the designation of 
contractility is given. 

At one time it was supposed that the contraction of 
a muscular fibre depends so completely upon the agency • 
of the nervous system that it might be considered as 
the direct function thereof; but a more critical examin- 
ation of the circumstances of the shortening of the fibre 
cells shows that it possesses many features in common 
with the same contraction of the cells of plants, which 
have no nervous system. The influence passing along 
the nerve fibrils is only one out of many capable of caus- 
ing muscular contraction. There is abundant evidence 
in snpport of the position that contractility is the result 
of the structure of the moscular fibre, and that it he- 
lots to it, and is not a special function of nerves. 

When mnscnlar fibres are touched by a pointed in- 
strument, they exhibit contraction even after they have 
been detached from the body, provided that too long a 
period of time has not elapsed. Kit be of the striated 
variety, the bundle that has been disturbed alone con- 
tracts, and presently after relaxes ; bat there Is no lat- 
eral spread or diffusion of the eifect to adjacent bundles, 
except in the case of the heart, in which it would ap- 

Whst IB meant by conCractilUj ? How is il known tbat contract- 
ility does Dot depend on tlie nerreB? What occara when striated 
fibre is touched by a poi-' " ' '" 
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pear that the contraction of one part is diffused lateral- 
ly, and a single disturbance is followed by many altern- 
ating contractions and relaxations, simulating, as it 
were, the normal function of the whole organ. But 
where the non-striated form is in like manner examined, 
the contraction takes place more slowly, spreads lat- 
erally to a wider extent, and is followed by a relaxa- 
tion. 

The capability of contracting continues in muscle 
fibre for a certain time after death, a period shorter as 
the rate of respiration is higher, and hence these effects 
were first observed by Galvani and others in the case 
of the frog and cold-blooded animals. Even after it has 
disappeared, it may be re-established by continuing the 
supply of arterial blood, as Dr. Brown-Sequard has 
shown : a fact illustrating in a striking manner the in- 
dependence of the muscular contraction of the nervous 
system. Of course, as would have been expected, what- 
ever interferes with due arterialization interferes with 
muscular power. This is the reason of the inability for 
exertion experienced in the thin air of mountain tops. 
The converse of thi^ likewise holds good : the higher 
the rate of respiration, the more energetic the muscular 
power ; and therefore, in birds, which respire most per- 
fectly, muscular contractility is exhibited with the great- 
est energy. 

The immediate cause of muscular contraction is to be 
sought for in the muscles themselves. So far from there 
being any thing mysterious or incomprehensible about 
it, as some writers insist, we probably shall not be very 
far from the truth if we assert that vmiscakir coni/ractixm 
is the necessary physical restcU of muscular disintegra- 
tion. 

Reviewing the various conditions under which con- 
traction occurs, destructive metamorphosis is the pri- 
mary and leading one. Every thing seems to indicate 
that the contraction of a fibril can not take place with- 
out the loss of a part of its substance, and this ensues 

What occurs when the non-striated kind is used ? In what class 
of animals does contractility continue longest after death? How 
may it be restored ? What effect have rarefied and condensed air on 
contraction? What is the cause of muscular contraction? Can a 
fibril contract without loss of weight ? 
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even in the artificial motions that are established by 
electric currents in amputated muscles. 

I therefore regard disintegration of the muscular 
structure as the primitive act, so far as the fibril itself is 
concerned, and contraction as the necessary consequence, 
that disintegration being brought about by the oxidiz- 
ing agency of arterial blood. It must, however, be 
borne in mind that this waste is masked by its incessant 
repair, and that its condition at any moment of its ac- 
tion represents the actual balancing at that instant of 
the waste and repair respectively ; and since the repair 
does not proceed with the same rapidity as the destruc- 
tion, it needs must follow that, sooner or later, a point 
will be arrived at when there is an absolute necessity 
for repose to give to the renovating processes the op- 
portunity or time for effecting a complete restoration. 

It is probable that one cause of cessation of muscular 
contraction in any one point of a fibre is the momentary 
accumulation of wasted material, as might be illustrated 
in a coarse manner by the difficulty of causing a fire to 
continue burning when the ashes are permitted to ac- 
cumulate, and the necessity of their removal before the 
combustion can go on. Two separate events have to 
occur before a fibril that has b^en in contraction is 
ready to contract again : these are the removal of the 
oxidized products, and the renovation of the interior of 
the cells. The two probably go on coincidently, the 
veins taking one part of the duty, and the arterial cap- 
illaries the other. 

In non-striated muscular fibre, in which the supply of 
blood-vessels is much less copious, there is a possibility 
for a lateral propagation of effect, because of the possi- 
bility of the lateral propagation of the heat, either sup- 
plied directly from the nerve tubule or arising from the 
oxidation going on. The sluggishness of its first con- 
traction, the longer continuance, the propagation from 
fibre to fibre laterally until the effect wears out or is re- 
enforced by some new stimulus, might almost seem to 

In contraction what is the primitive act? How is the disintegra- 
tion brought about? How is it that the state of the muscle may be 
said to be masked ? What is probably the cause of the local cessa- 
tion of contraction ? What are the peculiarities of non-striated fibre 
contraction ? 
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be the necessary result of the imperfect supply of arte- 
rial blood, the sluggish removal of the products of waste, 
and the more perfect opportunity for the diffusion of 
heat. This doctrine therefore meets with a very happy 
illustration in the phenomenon displayed by the con- 
traction of the two kinds of fibre. 

But the question returns upon us. Admitting the 
descriptions that have now been given to be a true 
representation of the facts, and also of their natur^ 
sequence, what is the actual physical cause of the short- 
ening of the muscular fibril ? 

It is capable of demonstration that muscular contrac- 
tion ensues as the direct consequence of destruction of 
muscular substance, and that a great linear extent of 
movement may be accomplished by the removal of an 
insignificant amount of substance. If 100,000 fibrils 
lost one third of their entire substance — a thing which, 
of course, could scarcely take place — the diminution of 
weight would only amount to a single grain. Our con- 
ception of this action may perhaps be rendered clearer 
by an illustration. If we had an iron thread of excess- 
ive tenuity, composed, for instance, of a single row of 
iron atoms set end to end, and could, by suitable pro- 
cesses, effect the removal, here and there, of atoms in 
the line, an instantaneous contraction would be the re- 
sult, the thread shortening in proportion to the number 
of atoms removed, but shortening- with an energy com- 
mensurate with the cohesive force of the iron itself, and 
yet ready to return to its original length the moment 
that fresh iron atoms present themselves to be intro- 
duced in ithe place of the abstracted ones ; and so with 
muscular fibre, the molecular force of cohesion devel- 
oped here and there by the removal of tissue is to be 
measured only by the cohesion of the fibre, though the 
loss of material which may have been the cause of that 
force coming into play may be very small indeed ; nor 
does the quickness of relaxation present any difficulty 
when we consider the rapidity with whicl* interstitial 
nutrition takes place, and the small quantity of matter 
to be supplied. 

How are those peculiarities accounted for ? What is the physical 
cause of the shortening of muscular fibril ? How may this effect be 
illustrated ? 
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I can not at this point avoid ofiering a criUciBm on tbe 
experiments bj* wniob it h&e been attempted to prove 
that ft nias<de, when it contracts, loses none of its bulk; 
the loss that does in reality occur is, it is true, very mi- 
nate, perhaps so minute that, in the coarse apparatns re- 
sorted to in these experiments, it would be altogether 
inappreciable. Such a contrivance is rep- 
resented in Mff. 114, in which a tx is a 
wide tube for containing the mtiscle, ff; it 
is also to be filled with water, and from its 
side a narrow tube, d, projects, the water 
' reaching to some such point as e. The 
tube, a a, being closed at both its extremi- 
ties water-tight by means of corks, b c, 
whenever the muscle ia made to contract 
by an electric current, applied by means 
of the spring wirea,/y, or otherwise, if 
enlargement occurred the water woald rise 
at e, and if diminution it would descend ; 
but as, upon trial, it is found that no move- 
ment whatever takes place, it has been in- 
ferred that the volume of the muscle re- 
mains unchanged. But no compensation 
whatever for temperature ia provided ! 
Tet it is positively known that when- a 
Vtdnme rfcMtnu*-™"^'''® contracts it becomes warm, and, 
ing miucia. doubtlesB, thesB instruments, if delicate 
enough, would have led to tbe preposterons conclnsioo 
that a muscle after contraction is larger than it was be- 
fore. But, even setting disturbances of ■ temperature 
aside, such experiments are of no kind of value, since 
they contain no provision for the removal of the wasted 
material of tbe muscle, which still continues a part there- 
of, though it has become, to all intents and purposes, ex- 
traneons, and would, if in the living system, have been 
instantly removed by tbe veins. 

Connected with the foregoing phenomena ia that gen- 
eral rigiditjfcof the mnacles which occurs a certain time 
after death, and hence known as rigor mortis. This 
usually commences in the lower jaw and neck, invading 

Describe the experiment iiluBtrated in Fig. 114. Whm obvious 
objeclioDs is it liable to? Whnt is itipant by Ihe rigor iQOrtte? In 
wbat order sxa the muacleB usnati; affected by it t 
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next the uppei^ extremities, and reaching eventually the 
lower ones. After continuing for a period longer in pro- 
portion to the lateness of its beginning, relaxation ensues, 
the parts being affected in the same order as they were 
made rigid. The rigor mortis sometimes begins as soon 
as ten minutes after death, sometimes it is postponed. as 
long as seven hours. In those who have died of chronic 
diseases it occurs and ceases very quickly. Both classes 
of muscles, striped and unstriped, are effected by it, and 
when it is over they present an unresisting and lax con- 
dition, and putrefactive change presently sets in. Even 
after cadaveric ligidity has been assumed, the contractile 
power of muscles may be restored by furnishing them, 
through a suitable arrangement, arterial blood ; for this 
fact we are indebted to Dr. Brown-Sequard, his experi- 
ments having been made both upon man and animals. 
The arterial blood employed assumed, during its passage 
through the limb which was the subject of the trial, the 
venous character, and issued of a dark color. This res- 
toration of contractility was by no means imperfect or 
transient ; in one instance it continued for two hours. 

By means of tendon the muscles are attached to the 
skeleton, which constitutes the solid framework of the 
system. Operating thus through the skeleton, the mus- 
cles are enabled to keep the entire body in the erect or 
standing position, and also to give it locomotion. 

In man, the power of standing implies the conservation 
of the line of direction of the whole body within the nar- 
row basis covered by the feet and between them. The 
head is balanced on the atlas so nearly under its centre 
of gravity that no ligamentum nuchsB is required, as in 
the case of other animals, to prevent it from falling for- 
ward. Nevertheless, a forward motion can be executed, 
amounting to about V5 degrees from the perpendicular, 
and a lateral motion right and left of from 45 to 50 de- 
grees. In standing, the weight of the entire body is 
transmitted perpendicularly to the feet. These rest on 
the heel and the fore ends of the metatarsal bones, es- 
pecially of the great and little toes, and on the points of 
the toes. The general centre of gravity of the entire 
body is a little above the transverse axis connecting the 

. By what artificial process may rigor mortis be counteracted ? De- 
scribe the condition of standing. 
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heads of the thigh bones, and for equilibrium to be main- 
tained, a perpendicular line drawn from this centre must 
always fall within the basis inclosed by the contour of 
the feet. 

Even in the most perfect condition of rest that we can 
assume while maintaining the standing position, a great 
many separate muscular acts are necessarily required. 
Apart from those little voluntary changes incessantly 
occurring, the rhythmic action of the muscles involved 
in respiration, especially those of the abdominal walls, 
is perpetually changing the position of the centre of 
gravity, and therefore those muscles employed in keep- 
ing the spine erect are obliged to assume an antagoniz- 
ing rhythmic action. This is at once the reason of the 
fatigue we experience in long standing, and of the diffi- 
culty infants encounter in their attempts to maintain the 
erect position. 

In walking, the legs act like a pair of pendulums. The 
head of the thigh bone, which is their centre of motion, 
is held in its. socket, not by muscular exertion, nor by its 
ligamentous arrangements, but by the pressure of the 
air, a fact that may be proved by very simple experi- 
ments. If the pressure of the air be removed, as in an 
exhausted receiver, spontaneous dislocation ensues. The 
trunk of the body is like a rod balanced on an axis pass- 
ing through the hip joints, and advancing with the move- 
ment of the legs like a rod balanced on the tip of the fin- 
ger. It is inclined forward or backward m correspond- 
ence with the motion or with the resistance of the wind ; 
if the wind blows in front, we lean forward ; if behind, 
we lean backward ; the angle of inclination being in pro- 
portion to its force. In walking there are two distinct 
periods : the body is first poised on one of the limbs, and 
then rests for a moment on both. The advancing limb 
swings like a pendulum, bending at the knee so as to be 
shortened one ninth ; the other straightening at the knee 
and hip joint, and so pushing the pelvis and trunk for- 
ward to be received on the limb that has just advanced. 
It is only in slow walking that the whole arc of motion 
is swung through, the time occupied being two thirds 

What is the cause of the fatigue experienced ? How is the head 
of the thigh bone held in its socket ? What are the movements in 
the act of walking ? 



THE VOICE. 321 

of a second. In quick walking and mnning only half a 
vibration is accomplished, and this in half a second of 
time. In slow walking each foot rests upon the ground 
one third of a second. The longest step made is half the 
entire span of the two extremities. To prevent swaying 
from side to side, the arms swing with the le^s. 

In running there is a moment when both feet are off 
the ground at once, and the body actually projected into 
the air. In walking there is a moment when both feet 
are on the ground together, the one not being raised till 
the other is planted. In running the steps are, on an 
average, twice as long as in walking ; and the number 
of steps made in a given time in running and walking 
respectively is as 3 to 2. 



CHAPTER XXI. 

OF THE VOICE. 

Origin of the Voice. — Comparative Physiology of 
JVbise, JSpng^ Voice. — Distinction between Song and 
Speech. — TTie JAirynXy^and its Action in Singing. — 
freaking Animals and Machines. 

Fob the production of the sounds necessary for inter- 
communication among the higher animals, and particu- 
larly for the speech of man, it might be supposed that 
some complicated and elaborate contrivance must needs 
be resorted to. This object is, however, accomplished 
by merely employing, on its escape from the system, the 
wasted produdt of respiration, the breath, which, as it 
issues outward through the respiratory passages, sets in 
motion a simple mechanism, and thereby originates all 
the exquisite modulations of song, and all the impress- 
ive utterances of speech. Is it not admirable that thus, 
out of dead and dismissed matter, results of so high an 
order, materially and mentally, are obtained ? 

What might be termed the comparative physiology 
of the voice is very simple. It appears first in inverte- 
brate animals as a monotonous noise or cry, which grad- 
ually, in higher tribes, becomes more varied in loudness 

What are those in the act of runDing ? From what does the voice 
arise ? Describe the comparatiye physiology of the voice, 

02 
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and note. In the different stages of his existence man 
himself fumiehes an illuBtration of this -course. Voice- 
less before birth, with a piteous or monotonous cry in 
early infancy, articulate speech and song are the resalt 
of education, and throngb these the power is eventually 
g^ed of espreesing the most refined emotions and the 
most elevated ideas. The solitary bell-like sound which 
the nudibranchiate gasteropods emit, thus produces, by 
its Buccessive improvements, a wonderful result at last. 
Among insects the modes of producing sounds are 
very various, some effecting it by percngsion, some by 
the friction of horny organs. In others, the extremity 
of the trachea, through which the air escapee, is accom- 
modated with vibrating membranes. The contractions 
of the muscles of the wings, brought vigorously into ac- 
tion during flying, occasion an alternate presBnre and re- 
laxation upon the tracheal tubes. The lur, thns passing 
in and out, throws into vibration the valves of the spir- 
acle, which, as seen in Mg. 115, are suspended upon a 

i=V.115. 
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dozen or more flexible supports; bnt their free edges, 
approaching within a certain distance of each other, are 
tnrown into quick vibration by the passing current, in 
the same manner as Ib the vibrating spring of the ac- 
cordeon. These vibrating plates of insects are th e r«- 
How ara BOnnds produced by insecle? Describe Fig. 116. 
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and delivered into the larynx, a superposed structure, 
arranged upon the cricoid cartilage, on which is articu- 
lated the thyroid cartilage by its lower horns, around 
which a certain degree of rotation can be accomplished, 
so that the front of the thyroid may be elevated or de- 
pressed with a kind of bowing motion. Posteriorly^ on 
the cricoid cartilage are placed the arytenoid cartilages, 
which can be approached or separated from each other, 
and from their summits pass to the front of the thyroid 
cartilage the inferior laryngeal ligaments or vocal cords. 
These constitute the essential organ of sound. The thy- 
roid cartilage, by its motions, can determibe the strain 
put upon them, and the arytenoids can either bring them 
into parallelism, or place them at an acute angle. The 
chink or fissure between them is the rima glottidis : its 
figure and width vary with the recession or approxima- 
tion of the vocal cords, which, as the air passes by then^ 
are thrown into vibration in the same manner as the 
reed in musical instruments. The epiglottis cartilage, 
which is above, guards the passage, and may also be 
supposed, by its descent, to deaden the sounds. 

The slowness or rapidity of the vibration id dependent 
on the stretch of the vocal cords. The manner in which 
various degrees of tension can be given to the cords is 
readily understood by considering their attachments. 
In front, as we have said, they are fastened to the thy- 
roid cartilage, posteriorly to the arytenoids. When the 
thyroid cartilage executes a bowing motion forward, 
the vocal cords are put upon the stretch, and similar va- 
riations of their tension and also of their position can be 
given by t he movements of the arytenoid cartilages .be- 
hind. When the air is moving in and out without giv- 
ing, rise to any sound, the chink of the glottis is angu- 
lar, its point being forward, and from that the cords di- 
verge posteriorly. For the production of sound, the 
cords must be brought parallel, or even inclining toward 
each other. If they incline away from each other, no 
sound will be produced. The pitch of the note will be 
determined by the stretch of the cords, and this, in its 
turn, will be determined by tte contraction of the vocal 
muscles. The crico-thyroid and sterno-thyroid bow the 

How are the vocal cords regulated? In what position must the 
cords he to produce sound ? 
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front of the thyroid cartilage down, the thyroarytenoid 

and thyro-hyoid carry it back; the fornier therefore 
Stretch the cords, and the latter relax them. The open- 
ing of the glottis is likewise determined by other mua- 
cles, the posterior crico- arytenoid dilatiog it, and the 
lateral crico-arytenoid and toe transverse arytenoid clos- 
ing it. 

Mg. 116 is the larjmx, seen in profile: y^iis. 
a a, half of the hyoid bone ; b, thyroid car- 
tilage, cat; c, thyra-hyoid membrane; d, 
cricoid cartilage ; e, trachea ; /, cesopha- 
gas ; g, epiglottis ; A, great horn of the thy- 
roid cartilage, united to i, the great horn 
of the OS hyoides, by k, the lateral thyro- ■ 
hyoid ligament J ^, thyro-hyoid membrane, 
traversed by the superior laryngeal nerve; 
m, posterior crico-arytenoid mnacle ; n, Jat- 
eral crico-arytenoid; 1, inferior laryngeal ^,^,^^^,0^. 
nerve; 2, posterior crico-arytenoid twigs; 
3, lateral crico-arytenoid twigs; 4,thyro-arytenoidtwig8; 
6, arytenoid twig. 

Mg. 117 is the posterior view of the j^^ ^j, 
laryns: a, base of the tongue; 2, poste- 
rior border of the thyroid cartilage; c C, 
thyroid body; d, posterior crico-aryte- 
noid muscle ; e, arytenoid muscle ; 1 1, "* 
superior laryngeal, traversing the supe- ' 
nor thyro-hyoid membrane, and giving 
off ling aal and epiglottic branches, and 
Others to the mucous membrane cover- 
ing the posterior face of the larynx; 2, 
twig for the arytenoid muscle ; 3, anas- 
tomotic of Galien; 4, inferior laryngeal ; .Pwierfor viaw of 
6, tracheal branches; 6, twig for the pos- ^tjis. 

tenor crico-arytenoid muscle; 7, twig for the arytenoid 
muscle; 8, branch for the lateral cnco - arytenoid and 
posterior crico-arytenoid muscles. 

The larynx is essentially a reed instrument with a 
double roembranoQS tongue. That the rima glottidis is 
the seat of the oricin of the sound is proved by the fact 



326 SPEAKING MACHINES AND ANIMALS. 

that when an aperture exists in the trachea below the 
glottis the voice disappears, but if above the glottis there 
is no effect. Moreover, the human or animal larynx can 
be made to produce its characteristic sounds with more 
or less distinctness, after it has been removed from the 
body, by directing a current of air through the trachea. 
Cases have occurred which have afforded the opportu- 
nity of observing the condition of the glottis while emit- 
ting sounds. The vocal cords are brought into parallel- 
ism with one another, and separated by an interval of 
scarcely more than from the -j-^ to the -j-^ ^^ ^^ ^^^^ I 
but when the air is moving in ^and out silently, the fis- 
sure assumes a divergent or triangular form. 

An artificial larynx will give rise to sounds analogous 
to those of the human larynx. Such have been made 
of leather, and, better still, of caoutchouc. ^ 

The narrower the glottis is made, and the more tight- 
ly the cords are -strained, the more rapidly they will vi- 
brate, and the higher will be the musical note emitted. 
In an individual the range of the voice is rarely three 
octaves, but the male and female voice, taken together, 
may be considered as reaching to four. Generally, the 
lowest female note is about an octave higher than the 
lowest male, a similar remark applying to their highest 
notes respectively. 

While thus song is laryngeal, speech, which is a modi- 
fication thereof, is oral, or produced by the mouth. Man 
is not alone endowed with the faculty of utteriug artic- 
ulate sounds : several other animals, by education, may 
be taught to express them. Ingenious mechanics have 
also repeatedly invented speaking instruments, upon the 
same principle as that of the vocal organs, of combining 
the sounds of letters into words, and even into sentences, 
a convincing proof not only of the mechanical nature of 
articulate sounds, but also of the perfect manner in which 
the natural mechanism is understood. Animals which 
have been taught to speak may also be regarded as au- 
tomata, foTf they have no comprehension of what it is 
they are uttering, and never produce articulate combina- 
tions spontaneously, but only as the result of instruction. 

How near are the vocal cords to each other in the act of producing 
sound ? What is the effect of narrowing the glottis ? What is the 
range of the male and female voice? On what principle have speak- 
ing machines been made ? 
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CHAPTER XXn. 

OF THE ORGANIC CELL : ITS DEVELOPMENT AND 

REPRODUCTION. 

Simple and Nucleated GeUs, — 77ie /Simple CeU: its 
Parts and Functions. — The Nucleated CeU : its 
Parts and Mcnctions. — Activity of the Nucleus. — 
Other Fonns of CeUs. — GeUs arise hy Selforigina- 
tion and ReproduMon. — Reproduction by Subdivi- 
sion^ JBudding, and Midogenously. 

The Animal Ced.— Forms of CeUvlar Tissue. — Forms 
of Vascular Tissue. 

The organic cell, the starting-point of every organ- 
ism, vegetable or animal, consists of a vesicle or shell, 
with included contents. K the vesicle be of uniform 
thickness all over, the cell is a simple one ; but if there 
iSe upon some portion of it a thickened granular spot, 
the cell is said to be nucleated. 

The vesicle of the simple vegetable cell, more close- 
ly examined, is found to be composed of different laminae 
or strata. The innerm(Tst, designated the primordial utri- 
cle, consists of an ' azotized substance, a member of the 
protein group. On the exterior of this pellicle, and, as 
it were, arising from its surface, lies the cell wall, serv- 
ing to give protection to the parts within. 

Within the primordial utricle, the cell contents pre- 
sent themselves of a different nature and different form, 
according as the species of the cell may be. In differ- 
ent cases they are colored of variolas tints, and are of 
various consistency, more solid or more liquid. To the 
cell-contents the convenient designation of endochrome 
is given. This interior content is not to be understood 
as having a homogeneous constitution, since sometimes 
even its colored portions are separated out and arranged 
in dots or spiral lines, very distinct from the remaining 
uncolored material. 

What is the difference between a simple and a nucleated cell? 
Of what parts is the simple vegetable cell composed ? What is the 
endochrome ? 
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The active portion of such a cell consists of the utricle 
and endochrome conjointly, the cell wall only discharg- 
ing a mechanical office. In the simple cell, all parts of 
the utricle appear to be endowed with equal power for 
carrying on the functions of the organism. 

But in those cells possessing a nucleus, the energy is 
no longer diffused with uniformity, the nucleus concen- 
trating much of the power in itself, and serving as a 
centre of activity. 

There are subordinate species of cells, as the spiral and 
the dotted. These exhibit points of re-enforcement or 
thickening, such as the appearance of a thread wound 
spirally, or in dots here and there on the interior of the 
wall. There would seem to be a tendency during the 
development of a cell for these parts to assume a spiral 
arrangement. 

Thus constituted, each cell runs through a definite cy- 
cle or career, having its moment of birth, its period of 
maturity, its time of death. During its mature life it 
discharges with activity the special function to which it 
is devoted,'but in so doing becomes eventually worn out 
and old. The period of activity of cells of different spe- 
cies is very different, some passing away quickly, and 
others having a longer duration. 

The commencement of cells is either, 1st, by self-orig- 
ination, or, 2d, by reproduction. 1st. Cells arise in an ob- 
scure manner from homogeneous particles floating in a 
protoplasma, which, taking on development, jiave a ves- 
icle thrown over them, and, being of a spherical shape, 
present the aspect of a cell wall and cavity. The granu- 
ular content by degrees increases as .the young cell grows 
in all its dimensions. From that granular content new 
cells may arise. 

2d. Cells are reproduced from antecedent ones of the 
same kind by subdivision, by budding, by endogenous 
generation. 

The reproduction of ceUs by subdivision is strikingly 
illustrated by the Hsematococcus binalis. The manner 
of the process seems to be as follows. The endochrome 
of the original spherical cell, a, Mg. 118, begins to un- 

■■ ■ — ■■ ■ ■ ■■ ■■■ ■■■■^■■— ■■■■ p ■■■■ M M ■-, ,. „ , ■ , ■ 

Of what does the active portion of the vegetable cell consist ? What 
other subordinate forms of cells are there ? In what modes do cells 
originate ? What is meant by self-origination ? What hj subdivision ? 
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dergo bi-partition ae at b, pig_ , 

and as the dividing portions ^ 

recede from one another _ 

the primordial utricle bends 

round them. Next a layer 

of permanent cell wall, of a 

mucous character on its ex- ft 

terior, is produced, which * 

accompaniee the inflection 

of the primordial utricle as 

at c, and, after a while, the 

bi-partition ia compIete,and 

the separated portions con- 

Btitute distinct individual 

cells. The subdivision may EcproduttitioofHBiMtticoeeiiiM 

be repeated as at <^. 

The cells that have thus arisen by subdivision soon 
grow to the size of the one from which they were de- 
rived, and are ready for subdivision in their turn. In- 
deed, it often happens that traces of incipient lubdivision 
may be detected long before the cell has reached its ma- 
ture dimensions. 

The r^oduction of ceSa by budding may be illus- 
trated by the vesicles of the yeast-plant ; and though, in 
those cases in which the budding cell possesses a nucle- 
us, the nucleus is not necessarily involved. 

Cells are sdd to arise from endogenous generation 
when they make their first appearance in the cavity of a 
former cell, of which the endochrome exhibits a disposi- 
tion to divide into many small portions, at first doubt- 
fully, then more distinctly, and each one of these por- 
tions obtaining a covering investiture or primordial 
utricle for itselll The process continues until the young 
brood of cells has reached a certiun degree of perfection, 
when they escape from their confinement, either by the 
fissuring or deliquescence of the old cell wall. 

The ANIMAL C£LL prcscutB a structural arrangement 
difiering from the vegetable in this, that it do^ not pos- 
sess a proper celt wdl, but consists of a primordial utri- 
cle and interior content alone. Its manner of reproduo- 

What illnstration is there of cell-reprodnction bj bodciiog ? What 
is ineant br endogenona generation ? In what respect does the ani- 
mal cell differ from the vegetable? 
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tion is of three kinda : 1st. From germs; Sd.Byfissure; 
3d. EndogeDonsly. Where animal cells originate from 
germs, these seem to he granules of a substance analo- 
gous to fibrin, floating in the formative liqaid. In dn- 
plication by subdivision, the import of the nnclena is 
shown by the fact that the action begins at it. It may 
be esid of animal cells that the nucleus msinttuoe a more 
conspicnons relation than it does in the case of vegeta- 
ble ones. Reproduction in the endogenona manner is 
carried forward in the case of these cdk in the manner 
described in a preceding paragraph. 

OP TKS CONSTBUCnOH 09 CKtXmjlB AND VABCDLA^ 
TISBUBS. 

By their development and juxtaposition with one an- 
other, cells give nse to continuous fabrics of varioos 
kinds, or cellular tissue. 
'^"'' If the development of 

new oells occnrs in a 
space where there is 
freedom from pressnre, 
the cells maintain their 

i original spherical form, 
as seen m the photo- 
graph, jRg. 119. Bat 
should the develop- 
ment occnr in a con- 
fined space, or nnder 
circumstances of pres- 
sure, the intercellular 
spaces necessarily ex- 
HBpi«c«BiBU««B,m.gaifl^Mai.ni«™. jstingintheformer 0386 
by reason of the spher- 
ical shape, are now encroached upon, and the cells assume 
various angular forme, such as parailelopipedons, rhom- 
bic dodecahedrons, etc. Of the former we have an ex- 
ample in the photograph, Mg. 120, representing a sec- 
tion of mariform cellular tissue. In other cases, with a 
view of giving resistance to pressure, the interior of 
each of the cells is fo rtified by a fibre, and thus arises 

In what three naja ma 
ane arise? Under what 
their form ? - 
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the tissue of which we 
have an example in 
the photograph, j^^. 
121. Two or more fi- 
bres may in thia man- 
ner be employed, and 
when such is the case, 
it is observed that 1 
they do not oroee one 
aiiother,tbeoDewind- \ 
ing from right to left, 
tte other from left to 
right, but they are 
laid parallel to each 
other, and form a 
compound strand. In ^ 
other cases the con- 



FiljtcMieUaUu' U«ue, magniaed EO diuneben. 

Btituent cells of the tissue assume much more compli- 
cated forms, as, for instance, in the stellate variety. 
These more complicated forms prove that it is not alto- 
gether through the influence of a force of compression 
that cells assume modified shapes, bttt that on many oc- 
casions the disposition of their primordial utricle to 
branch in various directions is the true cause of the va- 
riations^ ^ 

Wbal is fibro-cellalar tisiiae? 
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This diBposition to grow spontaneously in one direc- 
tion rather than in another is the cause of the produc- 
tion of the different kinds of Tascular tisaue. A cell un- 
dergoing extreme elongation in one direction, either by 
reason of this quality of its primordial utri^e, or through 
unequal nutrition, or other cause, gives origin to a tube. 
And if, <^ several cells thus elongated, and placed end 
to end on each other, the terminal portions should be 
obliterated either by rapture or absorption, a vessel per- 
meable throughout is the resolt. In this manner vas- 
colar tissue arises. These vessels still eshibittbe struc- 
tural peculiarity of the cells from which they have orig- 
inated in this, tiiat they may be fortified in their interior 
vith fibres wound in a spiral, and so constituting a spi- 
ral vessel ; or wound in rings, and forming annular ducts. 
In like manner, through 
similar modifications, 
the varieties kfaown as 
reticulated and dotted 
ducts arise. In these 
fibro-vascular tissues it 

Ifreqaentlyb appen s that 
the fortifying thread is 
double or even quad- 
ruple. Of spiral vessels , 
derived from a cactus 
ve have an example in 
the photograph, Fig. 
122, and in those from 
the banana in that of 

SpirilTeasel>ofcMtuii,niKgnlfiedBOdlBinaleoi. ,^^,123. 

The spiral vessels of plants contain air. Other tubes 
are for the conveyance of liquid ; the laticiferoQS ves- 
sels, for example, which are branching tubes for trans- 
mitting the lates of plants. Affain, in other cases, the 
interior of the vessel is more or less completely filled up 
by a gradual deposit of solid material, it being in this 
manner that proper woody fibre is formed from long, 
spindle-shaped cells. Vascular tissue in coniferous plants 
presents a peculiar dotted aspect from disc-like forms, 
exhibiting a pair of concentric ciroles, which are set at 
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regular intervale upon it, as ahown in the photograph, 
tig. 124, which is dotted woodv fibre from piae. The 



Wcodf flbn of pine, m^TkU 

circplar discs or glands run in single rows except in one 
place, where a double row is seen. Among true living 
pines more than two rows are not met with. 

Animal vascular tissue ariseB in the same manner as 

v^etable,by the conjunction of elongated cells and the 

How does animal Taicnlar (iuas arise 7 
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obliteration of their terminstions. The physiological 
purposes these vessels subserve are, as in the other in- 
stance, the conveyance of gases or liquids. But fibres 
may form ia auimal fabrics without the previous inter- 

jjji medium of cells, either 

directly from fibrin, the 
parts of which possess 
the quality of agglutin- 
ating into threads, or 
from the coalescence 
L under like circumstan- 
\ oes of substances allied 
; to gelatin, which yield 
J the varieties of fibrous 
' tissae known respect- 
ively as the yellow and 
the white, the former 
being composed of 
branching filaments, as 

„ „ ,^ „ „ ^ seen in Mg. 125. It is 

Ydlowllbrou.U»«., minified K»di«..«t«m ^^^^^^ ^^^^ ^^ ^^^^ 

acetic acid, and, from its extraordinary elasticity, is used 
wherever that quality 
" is required. The lat- 
ter, represented in Mff. 
126, shows strands of 
a wavy appearance : it 
is inelastic, softens dq- 

Ider the action of acetic 
acid, being thereby dis- 
tinguished from the 
preceding, and is em- 
ployed on account of 
Its tenacity wherever 
resistance to extension 
is required, as, for ex- 
ample, in the ligimenta 
,„, „ .„ _ of the joints. The sol- 

therefore employed where physical qualities are neces- 
sary, the hollow tubes for organic processes. By some 

What is the difierence between jellow and white fibnma tissue 7 
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pbyHiologiatB it is believed that both yellow and white 
fibrouB tissue arise from cells. 

Areolar or connect- 
ive tissue, ^. 127, ia ^ 

composed of the two 
preceding elements, the 
yellow and white fi-- 
brous, interwoven with 
each other so as to con- 
stitute a porous etmc- i 
tnre, with a multitude 
of intercommunicating I 
spaces. It is to be nn- 
derstood that these in- 
terstices are wholly iflis- 
tJnct from cells ; hence 
the inapplicability of 

the term cellular, some- , „ . 

times employed for this ^ ^ 

tissue. Areolar tissue is employed for uniting the va- 
riouB animal parts. Its interspaces are filled with a 
fluid, which, when in excess, is spoken of as dropsical 
effusion. Air, artificially or accidentally introduced at 
any point into it, may pass to every part, as is illustrated 
in cases of emphysema. The specimen from which the 
figure is taken was in this manner inflated. 

it differ from eel- 
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CHAPTER XXm. 

OF REPRODUCTION AND DEVELOPMENT. 

Reproduction: Conjugation, — TheSperm-ceU: itaPro- 
duction. — Spermatozoa. — The Germ-ceU: its Brodiu>- 
Hon, 

Ovum in the Ovary, — Its Structure, — Corpus IkUeum. 

Ovum in the Oviditct. — MvXberry Mass, — Germinal 
Membrane. — The Chorion. 

Ovum in the ZTterus. — MemJbrana ^ecidua, — Ftacenta. 
— ^Development of the Embryo. — Law ofVbnBdr. 
— Types of Nutrition, — Of Conception. — Of Gesta- 
tion. — Of Parturition. — Influence of both Parents, 

In reproduction of the higher type two cells are nec- 
essary. These, differing in construction and also in func- 
tion, are designated the sperm -cell and germ -cell Re- 
spectively. 

1st, Of the Sperm-eeU, — ^The testes are the organs in 
which the sperm-cells arise in man. They are of an 
ovoid form ; each is covered with a white envelope, the 
tunica albuginea. A seraus membrane, folded as a shut 
sac, overlies this tunic. From the inner surface a num- 
ber of delicate projections arise, dividing the organ 
into several compartments. In these compartments are 
lodged lobules arising from the tubuli seminiferi and 
their supplying blood-vessels. There are about 450 lob- 
ules in each testis ; their shape is conical, the diameter 
of the tubes of which they are composed about the -g^ 
of an inch. The total length of this tubular structure 
is. about three quarters of a mile. Before the tubuli of 
each lobule reach the rete testis, they cease to be con- 
voluted, and bundles of them, uniting into larger ves- 
sels, are designated tubuli recti. In the rete testis there 
are from half a dozen to a dozen of these tubes, various- 
ly anastomosing with one another and dividing. They 

What cells are necessary in the higher development? By what 
organs are the sperm-cells formed ? Describe the parts of the testis. 
What is the length of its tubular struQturc ? 
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emptyinto thevaBS efferentia, wbich,from being straight, 
become convoluted, s eeries of coneB srising, together 
forming the globus major of the epididymis. This is a 
convolated canal- of about twenty feet in length ; de- 
soending, it receives beyond its globus minor the vasoti- 
lum aberrans. It iben empties into the vas deferens. 

Fig. 128, hnman testis: a, testis; b, lobes; c, tnbuli 
recti ; d, rete vasculosum ; e, vasa efferentia ; f, coni vas- 
oulosi ; ^, epididymis ; A, vas deferens ; f, vas aberrans : 
m, branches of the aper^atica interna of the testis and 

Pig. ira. 



epididymis; n, ramification on the testis; o, arteria de- 
ferentialia; p, anastomosis with a branch of the sper- 
matic. 

The secretion of the testis must be taken for examina- 
tion from the vaa deferens or epididymis, before it bas 
been mixed with the fluid of the prostate and Cowper'a 
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glands, or with mucus. It may be mingled with a little 
albumen or serum for the purpose of dilution, and, when 
examined with a power of 500 diameters, exhibits mul- 
titudes of moving bodies. These are the seminal ani- 
malcules, or spermatozoa. 

The spermatozoa are found in the spermatic fluid of 
all animals after puberty, their form being different in 
different species. Generally they may be described as 
consisting of a little oval-shaped head, from which a del- 
icate filament or tail projects. ^ 

The motion of the spermatozoa is accomplished by 
means of their filament. It takes place in different ways, 
sometimes the filament vibrating like a whip, sometimes 
rotating like a screw, and sometimes a spinning round, 
as it were, upon a pivot, occurs, the filament having 
been coiled Uko a watch-spring. The rate of motion 
seems under the microscope to be rapid ; it is, however, 
estimated at an inch in thirteen minutes. In man, their 
entire length may be estimated at about the 7^ of an 
inch, the length of the head being about the ^^u, and 
its breadth the TTrirnr- They continue to exhibit mo- 
tion in birds for fifteen or twenty minutes after death ; 
in cold-blooded animals even after days. 

In man, the production of spermatozoa commences 
between the fourteenth and sixteenth year, the time of 
puberty, and continues until the sixty-fifth or seventi- 
eth, or even much longer. This period of commence- 
ment is marked by a great change in the physical and 
moral constitution. 

2d, Of the GermrceO. — ^In mammals the female repro- 
ductive apparatus consists essentially of the ovaries, ovi- 
duct, and uterus. 

The ovaries are two ovoid bodies situated on either 
side of the uterus. They consist of a stroma in which 
vesicles are imbedded : these vesicles give origin to the 
ova. In the manner to be presently described, the ova, 
being received at the fimbriated extremities of the Fal- 
lopian tubes, those tubes being therefore appropriately 

What are the spermatozoa? What is the mode and rapidity of 
theit motions ? What is their size ? How long may they continue 
their motions? At what time do they first appear? What are the 
essential parts of the mammal reproductive apparatus ? What ai;p 
the ovaries ? 
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termed oviducts, are carried into the cavity of the ute- 
rus. . , 

At the time of puberty in the human female, which 
occurs between the 14th and 16th year, a physical and 
moral change takes place, answering to that already al- 
luded to as occurring in the male. From this period a 
sanguinolent discharge makes its appearance monthly: 
it is the catamenia. The interval from time to time is 
commonly estimated at four weeks ; it varies, however, 
with individuals, and it is said also with climates, the 
discharge occurring in the hotter more frequently, and 
in greater quantity. It is essentially blood, deprived of 
its quality of coagulating by intermixture with acid mu- 
cus of the tagina.' So long as these periods continue, 
the individual possesses the reproductive power, the first 
appearance of the catamenia indicating the capacity for 
conception, and the disappearance, at about the 45th 
year, its end. During gestation the catamenia are sus- 
pended, and, indeed, it is this event which is usually 
taken as the indication that conception has occurred. 

L (hum in the Ovary, 

The ovary is the organism in which the ova are pre- 
pared, these bodies arising in the following way : 

In the stroma of the ovary there occur at a time ten, 
twenty, or many more cells. They have received the 
designation of Graafian vesicles or ovisacs. They orig- 
inate in the interior of the ovary, and, as they become 
perfected, pass . to its surface, presenting themselves 
thereupon as prominences covered over exteriorly with 
peritoneum.* Each of these vesicles has a membranous 
envelope connecting it with the substance of the ovary 
exteriorly, and covered interiorly with a layer of nucle- 
ated cells, designated membrana granulosa. It is filled 
with a fluid in which multitudes of granules float, and 
in its centre is the ovule. This, as it becomes mature, 
is pushed up toward the surface of the ovisac by an ac- 
ccPmulation of liquid in the lower part thereof, and is so 
brought into close relation with the membrana granu- 
losa at the place where it is upon the surface of the ova- 
ry. At this pomt there collects on the ovum a zone of 

. What is the catamenial discharge ? How long does it continae ? 
What does it indicate ? Desbribe the production of ova. 
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g;ranalefi, to which the designation of discos proligerna 
IB giyen. 

Ji^, 120, transTflr&e section throBgh the ovary: a, 
Graafiim follicle of inferior, and, b, of superior enmce ; 
e, peritoneal lamella of ligamentum latum, continued 
apon the ovary, and coalescing with, d, the tunica alhu- 
ginea : in the interior two corpora albioantia (old cor- 
pora Intea) are visible ; e, stroma of the ovary. 

Fit. !»■ ^'9- IB". J%. 181. 
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Mff. 130, section of the Graafian vesicle: 1, stroma 
of ovary, with blood-vessels; 2, peritoneum; 3 and 5, 
layers of the external coat of the Graafian vesicle ; 4, 
niembrana granalosa ; 6, fiuid of the vesicle ; 7, granular 
zone, or discus proligerus ; 8, the ovum. 

JSy. 131, ovnm: 1, germinal spot; 2, germinal vesi- 
cle ; 3 yolk ; 4, zona pellncida ; 5, discos proligerus ; 6, 
adherent granules or cells. 

The diameter of the human ovnm varies from the-rJir 
to the 7^ of an inch. It consists of aD exterior trans- 
parent membrane, the ^ ^ j of an inch in thickness, 
■which, when compressed for the purpose of examina- 
ijou, appears like a diaphanous circle, and hence called 
zona pellucida. Within this zone, and inclosed by it, 
is the yolk, a granular material suspended in or iqter- 
mingled with fluid, the granules being of different sizes; 
those near the pellncid zone are the largesL For the 
most part, the yolk consists of albumen and oil globule. 
Its condition, as regards liquidity, varies in different an- 
imals ; in some it is almost a soft solid, so that, when 
-water percolates throu gh the zona p ellncida, i t isolates 
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the yoUi by snrrontiditig it on all aides, and parting it 
off from the zone. Within the substance of the yolk ia 
a distinct cell, the germinal vesicle, which gradually 
makes its way from the interior to the place of perito- 
neal contact. As it advances to perfection, it consists 
of a delicate spherical membrane containing a liquid, in 
which grannies are suspended. Upon that portion of it 
nearest to the place of peritoneal contact is its nnclena, 
the germinal spot, about the s- ifoa °^ ^^ ii'^h in diame- 
ter, and consisting of yellow granules. 
Mff, 132, diagram of aOraafian vesicle and ovum: 1, 
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stroma of ovary; 2, 3, external and internal tunics of 
the Graafian vesicle ; 4, cavity of vesicle; 5, thick tunic 
of the ovum or yolk-sac; 6, the yolk; 7, the germinal 
vesicle ; 8, the germinal spot. 

The most mature ova are Dearest the surface of the 
ovary, but are separated from its peritoneum by a thin, 
fibrous layer of stroma. The Graafian vesicle is, there- 
ftire, the parent of the ovum. Periodically, at the cata- 
menia, as development ia going on, the Graafian vesicle 
bursts, and the ovum is set free. This edbct arises, in 
part, from the circumstance that, the space between the 

DeBcribo fig. 132. How frequently do the Graafian TeaiclcB burst 
and disdiai^e ova? 
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vesicle and ovum being filled with cells, those near the 
surface of the ovary disappear, and an albutninoUB liquid, 
accnmulating below, pushes the ovum up. The ovisac, 
or Graafian vesicle, thus changed into a follicle, is grad- 
ually filled up, its walls wrinkling, and red-colored ma- 
terial, arising from the membrana granulosa, being de- 
posited in it until it is almost filled. This deposit grad- 
ually turns yellow, and is eventually composed of cells in- 
teriorly, and fibres arising therefrom exteriorly. When 
the deposit is completed, a stellated cicatrix is observed 
in its midst. The yellow body thus arising passes un- 
der the designation of corpus luteum. If impregnation 
does not occur, the yellow substance foi-ms to bat a 
small extent, and afWr a time disappears. An ovum is 
therefore discharged at each monthly period. 

n. Fertilized Ovum in the Oviduct. 
Such being a description of the ordinary or unfertilized 
ovum, we have next to follow the changes ensuing if fer- 
tilization has taken place. 

The spermatozoa having become enveloped in the 
pellucid zone or passing through it, the ovum is re- 
ceived by the fimbriated extremities of the Fallopian 
tube, along which it is carried by peristaltic contraction 
or ciliary motion. The first change taking place in it is 
the disappearance of its germinal vesicle and germinal 
spot. This disappearance is, however, stated by some 
to be preceded by a development of cells originating 
in the nucleus or germinal spot ; nor is it the result of 
Kg. 183. fertilization, since it occurs in the 

unimpregnated ovum. The cells 
of the membrana granulosa, sur- 
rounding the ovum, become first 
I ofa conical shape, but their round- 
I ed form is resumed on passing into 
' the tube. 

Fi^. 133, ovarian ovum of dog, 

exhibiting the elongated form and 

stellate arrangement of the cells 

OthImi ovnm. of the discus proligerus round the 

zonapeHiicida. 
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Pig. 134. ji^g_ 134^ aame ovum after the re- 

moval of most of tbe club-ebaped cells. 
The yolk is next obBerved to con- 
tract so as to leave a clear space be- 
tween it and the zona pellncida. As 
the passage aloDg tbe tube is taking 
place, the zona assumes a coating of 
albuminous material; this is what is 
called in birds the white of the egg. 
otHim orom. It eventually becomes the chorion. 
Meantime, after the disappearance of the germinal vesi- 
cle, a new cell, the embryo cell, arises, and this under- 
goes subdivi^on or segmentation, an effect in which 
the yolk itself presently becomes involved, each new or 
daughter embryo cell so arising assuming a part of the 
yolk. A constant process of bisection is thns establish- 
ed, the yolk dividing first into two portions, then into 
four, eight, sixteen, etc., each division containing a nu- 
cleated cell. At this period may be seen the sperma- 
tozoa involved in the zona pellucida, and, as the prooesa 
of bisection goes on, the mass assumes a mulberry as- 
pect, and finally becomes granular. This is, for (he most 
part, finished by the time the ovum enters the uterus. 
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JFig. 136, p. 343, ova of the dog in various stages : a, 
from the oviduct, half an inch from the uterus, sperma- 
tozoids being in the pellucid zone, the yolk bisected ; 5, 
cells of tunica granulosa have disappeared, and the yolk 
is in four segments ; o, continued advance in segmenta- 
tion ; c7, the zona has become thicker, and the segmen- 
tation more complete ; 6, ovum burst by conipression : 
some of the segments have escaped; each shows a bright 
spot or vesicle. 

As the ovum is about to enter the uterus, each por- 
tion arising from the segmentation of the yolk has be- 
come a perfect cell. This cell formation having been 
accomplished at the surface of the yolk first, the cells 
there begin to coalesce into a membrane, with an aspect 
like that of hexagonal pavement epithelium, and, as the 
change passes towai*d the centre, the cells, as they form, 
come toward the membrane and thicken it, leaving a 
clear liquid within. In this manner a secondary vesicle 
forms within the zona pellucida : it is the blastodermic 
vesicle : it is the temporary stomach of the embryo. "Its 
wall constitutes the germinal membrane, upon which the 
embryo* arises. New cells being constantly added, the 
membrane increases in thickness ; and here it may be re- 
marked that, in most types, the yolk is to be considered 
as presenting two portions — the germ-yolk and the food- 
yolk; the former being immediately employed in the 
development of the embryo, and the latter being a stock 
for more advanced supply. In mammals, for whom other 
means of nutrition are quickly provided, the food-yolk is 
imperceptible, and, moreover, in them the albuminous 
coating of the zona pellucida is small ; and in birds, the 
embryo of which has to be nourished independently of 
the parent, the quantity is necessarily large. As we have 
said, this albuminous covering and the zona together 
constitute the chorion, the exterior of which presents a 
rugged aspect, from the appearance of absorbing radi- 
cles, which, becoming imbedded or dove-tailed in the 
deciduous membrane, presently to be described, estab- 
lishes the necessary connection for tuft nutrition, and 
thereby obtaining albumen from the parent. 

What becomes of each portion of the segmented mass? How 
docs the blastodermic vesicle form ? What is its use ? What is the 
germinal membrane ? What are the nses of the two kinds of yolk ? 
In what manner does the chorion form ? 
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in. Fertilized Ovum in the Uterus. 
While the ovum is paaeiDg through the Fallopian tube 
or oviduct, it obtuas a coatine of albuminoos material 
outside of its zona pellaoida. This coating becomes the 
meaus of attachment to the uterus, and Uiereby of the 
absorption of nutriment in the following way. 

The outside surface of the incipient chorion presents 
a layer of cells, and soon after assumes a fibrous struc- 
ture. Id this condition the ovum makes its appearance 
in the uterus, on the interior of the surface of which the 
Fig. IBS. mouths of a great number of folli- 

cles open. Their general appear- 
ance is illustrated by Mg. 136 ; d, 
Cffic&l terminations of glands ; e, 
their tubes; a, mouths on interior 
of uterus. The constitution at dis- 
turbance at this time taking place, 
enhanced by the presence of the 
ovum in the organ, at once in- 
creases its vascularity; the follicles 
become larger, cells are abundantly 
developed in them, and the uterine 
cavity is filled with a liquid con- 
taining many nucleated cells. This 
L plastic semi-fluid material receives 
f the fringes of the villous ooat of 
the chorion, now being developed ; 
and these even find their way into 
the mouths of the glandular tubes; 
fromthis exudation or secretion the 
membrana decidua forms, though 
by some it is represented as being 
uiartnetnixa ^ metftmorphosis of the mucous 

'membrane itself. Meantime the ovum is coated over 
with a corresponding membrane, designated membrana 
reflexa, because it was believed to originate in the cir- 
cumstance that, when the ovum reached the uterine 
mouth of the Fallopian tube, it there encountered the 
proper membrana decidua, and, not perforating it, but 
beanngit onward, gathered a fold, covering, or envelope, 
IT does ibe decidu- 
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It is, however, now admitted that this description of the 
formation of the membrana reflexa is erroneous, for in 
reality the ovum is at no time on the outside of the mu- 
cous membrane, which is continuous from the cavity of 
the uterus through the Fallopian tube. The following, 
therefore, seems to be the more correct description. The 
presence of the ovum gives rise to an increased develop- 
ment of cells, rapidly spreading around it, and coating it 
all over, their pomts of origin being those portions of the 
uterine mucous membrane with which the ovum is in 
contact In this way it receives its deciduous envelope, 
which, participating duly in its growth, is at the end of the 
third month in contact with the uterine decidua all over. 

At the stage we are now considering, the nutrition of 
the embryo is conducted in a special but'very temporary 
way. The yolk of the ovum has no stock of food to 
maintain the nutritive processes beyond the brief space 
transpiring in the passage through the Fallopian tube. 
The duty of nutrition is at this moment assumed by the 
villous coat of the chorion ; this absorbs fluid exuding 
from the uterine decidua very much after the manner of 
the spongioles of a plant ; but almost immediately the 
necessity arises of diverting more directly the albumi- 
noid material to the quickly-growing embryo from the 
yolk-bag, to which it would have gone, and this new 
destination implies the introduction of new channels of 
transport, which, under the form of a vascular appara- 
tus, are now provided. • 

About the close of the second month, a proper vas- 
cular apparatus for the combined purposes of nutrition, 
secretion, and respiration makes its appearance : it is the 
placenta. Its origin is in the little blood-tubes forming 
m the tufts of the chorion, in man at. one point, in rumi- 
nants simultaneously at several, and giving rise in the 
former case to one organ, the placenta, as has been said, 
in the other to many such, or, at all events, to one of a 
composite structure, the cotyledons. The foetal vessels 
thus arising in the villi of the chorion become inter- 
mingled with vessels contemporaneously arising from 
the uterus; and though, in some cases, this intermin- 
gling is less complicated, so that the maternal and foetal 

What changes occur at this period in the natritive process? In 
what manner does the placenta arise ? 
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portions are eeparable, in man the interDetting ie com- 
plete, the principle being to bring the ftetal vascular tufts 
in Buch a relatiouawith the maternal blood-sin use a, by 
the tnfts dipping down or being enveloped therein, that 
the compIeteBt contact and facility of exchange, bat not 
of intermixture, may be insured. Things are arranged 
in such a way ^at the maternal and fcetal blood do not 
intermingle, each being confined in vessels of its own, 
through the thin walls of which nutritious matter may 
pass and excrementitious matter repass. Every ftetal 
tuft has a-deciduous layer upon it, and the blood brought 
by the curling arteries of the uterus furnishes to the f<B- 
tus its oxygen, and receives back carbonic acid, with 
other excrementitiouB matters. In this respect, respira- 
tion is carried on by the aid of a mechanism answering 
to the gills of fishes, the maternal arterial blood stani 
ing for the aerated water ; but, besides this, the tufts 
have another duty to discharge — the obtaining of albu- 
minoid material from the maternal blood. The placen- 
tal mechanism is therefore much more perfect in its ac- 
tion than the taft mechanism preceding it. 

The germinal membrane, formed as has been de- 
scribed, already exhibits at one spot an opaque area of a 
roundish shape, consisting of 
cells and granules. To this 
the deBignatioo of germinal 
area is given. At uiis area 
the membrane next becomes 
divisible into two lamiuEe, 
and eventually throughout 
its whole extent, as seen in 
Fig. 137. Of these laminse, 
the exterior, nearer to the 
zona pellucid a, is the serous 
layer. It is the rtused mem- 
brane of the figure, and in it 
are to be developed the nerv- 
ous and muscular systems of the embryo. The interior 
is designated the. mncous layer, and from this arise the 
digestive organs. 

What are ils faactions? What layeni next nrise in ihe i^nninal 
membrane? What BjBteina arise from ita serons layer? What hjs- 
Ums from its mncous ? Describe Fig. 137. 
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The germinal area by degrees loses its circular form 
and becomes oval, its central portions clearing off and 
giving rise to the area pellucida. Ajound this the opac- 
ity is inoreased, and in it blood-vesselB appear ; hence to 
this dark oirole the designation of area vaaoatosa is ap- 
plied. Id the petlnoid zone is next seen a delicate line, 
the primitive groove, -Ry. 138: a, area pelludda; b. 
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dorsftl lamiiiie; c, primitive tracef It occars in the se- 
rous layer only, is wider at one end than at the other, 
the wider part being destined for the head of the em- 
bryo. On each side of the primitive groove two oval 
areas of cells emerge : they are the dorsal laminie. They 
rise up to cover In the primitive groove, so as to con- 
vert it into a tube, with three bead-like swellings at its 
wider end, the elements of the prosencephalon, mesen- 
cephalon, and epencepbalon, Mg. 139 : a, cephalic end ; 
d, chorda dorsalis ; c, vertebra ; d, dilatation. On the 
internal part of the lamina nervous matter beginB to 
form, the rudiment of the cerebrospinal axis. In the 
bottom of the groove is the trace, chorda dorsalis. The 
groove itself, converted into a tube, constitutes the cen- 
pc«cribe FSg>. 1S8, IS9. In what mBnaer docs Ihe cerebro-spinal 
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OtI^ of tho bnki upon tiu spinal cord^ msefll^^ B dlameteTB. 

tral canal of that axie, ita completion into the tuhular 
shape occurring first in the middle, and then up and 
down. The form of the lateral maeaeB varies as devel- 
opment goes on, 

A line of cells running lengthwise in the primitive 
groove is the origin of the choida dorsalis, on which the 
rudiments of the vertebral column appear. In the am- 
phioxuB and myxenoid fishes development in this direc- 
tion stops at this point, the chorda dorsalis being the 
permanent atruoture. The vertebra now emerge under 
the aspect of square plates, and the dorsal laminfe, pro- 
longing themselves outward and downward, as it were, 
by an offshoot, produce the ventral laminffi, which close 
in the abdominal walla, and so form the boundaries of 
the trunk. Simnltaneonsly a new layer of cells arises 
between the serous and mucous layer of the germinal 
membrane, at the area vasculosa, and in this intercalated 
lamina the vascular system forms aud blood corpuscles 
appear, capillary vessels arising from the coalescence of 
nucleated cells, the touching ends of which become per- 
vious. Aa the procesa goes forward, a network of snch 
vessels is constructed, and it is to be particularly re- 
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marked that this takes place and that the blood is in 
circulation prior to the existence of the heart. Around 
the extending blood-vessels or vascular area i*uns a cir- 
cular capillary called the terminal sinus in the first stage 
of the process, but this disappears a3 the vessels extend 
all over the germinal membrane. The extension of these 
vessels is in part accomplished by the ceUs from which 
they have arisen elongating themselves into processes. 

The heart appears first as a canal or tube, arising in 
the vascular layer from a columnar mass of cells, of which 
the inner ones have deliquesced to form a tube. This 
then becomes tri-chambered, containing an auricle, a ven- 
tricle, and the bulbns arteriosus. Subsequently the au- 
ricle and ventricle are each divided by septa, that in the 
ventricle being commenced about the fourth, and finished 
about the eighth week. The auricular septum is not 
completed until after birth. 

Fig, 140 shows the human heart at about the fifth 
week: A, the heart opened on the abdominal aspect; 1, 

the bulbus arteriosus ; 2, 2, 
*^ ' two aortic arches, uniting 

posteriorly to form the aor- 
ta; 3, the auricle ; 4, the open- 
ing from the auricle into the 
(* ventricle, 6, which is laid 
open ; 6, the septum rising 
from the lowest part of the 
cavity of the ventricle ; 7, 
the vena cava inferior: B, 
view from behind ; 1, the 
Foeui heart. trachea ; 2, the lungs ; .3, the 

ventricle ; 4, 6, the large atrium* cordis, or auricle ; 6, the 
diaphragm ; 7, the aoi*ta desc^ndens ; 8, the pneumogas- 
tnc; 9, its branches; 10, its continuation. 

As soon as the capillary system is fairly established, 
the change in the character of the function of nutrition 
alluded to is accomplished, and in those animals depend- 
ing for their development on a food yolk, it is eventually 
entirely covered with ramifications of these vessels. The 
blood-cells of the first order or series are evolved from 
the nuclei of the cells which coalesced for the formation 
of blood-vessels. 

Describe Fig. 140. 




J tf 
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The development of the embryo still continuing, it 
assumes a form aptly described as resembling that of a 
boat placed upside down, the bottom of the boat riding 
higher and higher above the surface of the germinal 
membrane, and lifting %vith it that portion of the mem- 
brane to which it is attached. The two ends of the 
boat^haped body bend under toward one another ; the 
larger of the two is destined to become the head of the 
embryo. As this elevation takes place, the embryo be- 
comes separated- by a constricted space from the sur- 
rounding germinal membrane, its abdominal parietes be- 
ing still open and in contact with the yolk. From the 
layer thus lining the interior of the cavity of the embryo, 
the intestinal canal arises as a tube from the coalescence 
of a pair of lateral ridges, and the surrounding and ex- 
terior portions of the germinal membrane, elevating 
themselves above the constricted space, coalesce over 
the back of the embryo, and thus inclose it in a sac. 
This sac constitutes the amnion, and in this manner, by 
folding, the interior of the germinal membrane is used 
as a digestive surface, the outer as one for secretion. 
The umbilical cord obtains a sheath from the amnion, 
which at one end is continuous with the skin of the foe- 
tus, and the other is reflected over the surface of the 
placenta. The amnion therefore constitutes a closed sac, 
coutaining a fluid, the liquor amnii. 

The place at which the germinal membrane is con- 
stricted, so as to be able to act as a digestive surface to 
the embryo, though linear at first, is graduaDy narrowed 
down, and constitutes the umbilicus. This constricted 
part is now the omphalo-mesenteric duct. It communi- 
cates with the cavity of the yolk-sac, which, at this stage 
of development in mammalia, is the umbilical vesicle. 
In birds, the yolk-sac is carried completely into the ab- 
domen through the umbilical opening; in mammals it 
remains exterior. It does not appear that the contents 
of the yolk are directly absorbed from the cavity of the 
sac, but they are carried by the ramifying vessels to the 
liver. These vessels are therefore counterparts of the 
mesenteric. Eventually folds arise on the lining mem- 

In what manner is the embryo developed as a boat-shaped body ? 
How does the amnion form ? How does the intestinal canal arise ? 
What becomes of the yolk-sac in birds and mammals respectively? 
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brane of the yolk-sac over which these vessels pass, and 
facilitate absorption. In fish, at this stage, the yolk-bag 
hangs down, and respiration takes place upon its surface. 

From the caudal extremity of the embryo the allantois 
emerges as a mass of cells, the interior liquefy, and the 
exterior then constitute a sac. In birds and in reptiles 
it reaches considerable development ; in the former ex- 
tending entirely over the yolk-sac, but in mammals it is 
soon replaced and shrivels up. It discharges the func- 
tion of a urinary bladder, and, indeed, a portion of it 
continues to do so in man. Its disappearance is the sig- 
nal that the embryo is now depending on the placenta. 

To return now to the development of the circulatory 
system. At about the end of the eighth week, as we 
have seen, the ventricle is divided by a septum, the di- 
vision of the auricle not occurring till a little after, and 
even then not bein^ perfect, an aperture, the foramen 
ovale, existing. This is the state of things at about the 
twelfth week : of the five branchial arches two disap- 
pear, the aortic bulb then divides into two tubes, which 
are to. be the aorta and pulmonary artery respectively. 
Next, one of the branchial arches forms the subclavian 
and carotid arteries. Of the middle pair, the right is 
obliterated, but the left remains to constitute the arch 
of the aorta. Of the lowest pair, the right forms the 
right and left pulmonary arteries, and the left consti- 
tutes the ductus arteriosus. 

. The blood-system having reached its full development, 
the foetal circulation may be described as follows: From 
the placenta oxidized blood is brought through the um- 
bilical vein, a part passing into the ascending cava through 
the ductus venosus, and the rSst into the liver through 
the vena portee, from which, by the hepatic vein, it also 
reaches the ascending cava. In its passage to the heart 
it becomes adulterated with blood derived from the 
trunk and lower extremities. It next goes into the 
right auricle, and, to some extent, is kept from contam- 
ination with the venous blood coming through the de- 
scending cava by means of the Fustachian valve, which 
directs the arterialized blood through the foramen ovale 

What is the first appearance of the allantois ? Describe the order 
of development of the circulatory system. Describe the foetal circn- 
lation. 
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into the left auricle, from which it gains the left ventri- 
de, and alsg directs the venous blood of the descending 
cava into the right ventricle. The blood in the left ven- 
tricle is driven therefrom into the ascending aorta, and 
supplies the heada||y>ut the venous blood in the right 
ventricle is drivei^herefrom through the pulmonary 
artery and ductus arteriosus into the descending aorta, 
and, mingling with the arterial blood therein, passes to 
the trunk and legs. Of this blood a portion is then car- 
ried to the placenta to be arterialized. 

From the description thus given, it may be gathered 
that, up to the period of birth, three distinct types of 
nutrition have been followed. They may, with sufficient 
accuracy, be designated, 1st. Yolk nutrition; 2d. Tuft 
nutrition ; 3d. Placental nutrition. To these may be 
added the two followed at a later period ; 4th. Lacta- 
tion, and, after the dental mechanism is supplied, 5th. 
The diet of mature life. 

During the development of any new organism, the 
new parts uniformlv arise from the old ones; they are 
not built from foreign materials depositing themselves 
upon new centres, but are educed by the unfolding, en- 
larging, and modeling of pacts already existing. An 
organism is not developed as we enlarge a house, by 
building part to part, but it all expands from one com- 
mon or single centre. As the sphere of its expansion 
becomes greater, the opportunity arises for devoting dif- 
ferent regions to different uses, and thus offices which 
were confusedly intermingled become separated out, and 
as, in social undertakings, the division of labor gives 
greater perfection to the work, so in this, functions 
which, because they were blended, were imperfectly dis- 
charged, now assume precision and power, because they 
are disentangled from what were perhaps countervailing 
conditions. 

By these considerations, we are gradually led to the 
general law of development, first recognized by Von Bar, 
and passing under his name. This is somewhat obscure- 
ly enunciated in the following terms: "The heterogene- 
ous arises from the homogeneous by a gradual process 
of change." By this it is meant that, in the process of 

How many different types of nntrition are there? In what man- 
ner do new parts arise ? What is the law of Von Bar? 
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development, the stages are not from forms that are of 
a degraded to those of a higher type, but that from the 
general the special, which was therein incladed, is grad- 
ually evolved. 

Respecting the development of sMpal organs, it may 
be remarked that of the permanen^Snes, the vertebral 
column is one of the first to appear ; it shows itself un- 
der the form of isolated quadrangular elements. The 
gelatinous cellular structure, chorda dorsalis, acquires a 
sheath, which assumes a fibrous structure, and from this, 
in the lower vertebrates, the vertebrae are evolved. In 
man, the elementary quadrangular plates are considered 
to have an independent origin. As they increase in 
number and size they surround the chorda, and projec- 
tions springing from, their superior surface form arches 
to envelop the spinal cord. Each vertebra, therefore, is 
constructed by the union oif two pieces, one on either 
side. These first assume the condition of cartilage, and, 
later, the body and arches ossify from separate points. 
The chorda dorsalis, which has, during this development, 
been gradually evolved in the bodies of the vertebrae, 
disappears. 

The bones of the skull are -metamorphosed vertebrae, 
of which four appear to have undergone change. To 
these the auditory, gustative, optic, and olfactory nerves 
are respectively related, in the same manner that the 
spinal nerves are to their vertebrae. 

In the descriptions given in the preceding part of this 
work, incidental allusion to a sufficient extent has been 
made to the development of most of the apparatus of 
organic and also animal life. It may therefore here be 
briefly stated that the alimentary canal originates in the 
pinching off of a part of the blastodermic vesicle below 
the spinal column. At first it is a straight tube, com- 
municating about its middle with that vesicle, but after 
a time showing its eventual division into oesophagus, 
stomach, large and small intestines, assuming an oblique 
position on the part to be occupied by the stomach, and 
then curving in the region of the intestine. From a part 
of this tube the liver emerges as a thickened deposit of 

How is the vertebral column developed ? From what do the bones 
of the skuU originate ? How does the alimentary canal arise ? What 
is the origin of the liver ? 
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cells, into which the wall of the intestine bulges so as to 
form a kind ,of sac, and from this rudiment a ramified 
structure arises, which at last recedes from its place of 
origin, and is connected with the intestine by the hepatic 
duct. The commencement of this structure is about the 
third week, but it proceeds with so much rapidity that 
in the third month it nearly fills the abdominal cavity. 
The functions of the liver at this period have already 
been pointed out, the meconium it secretes being modi- 
fied bile. In like manner, from the digestive tract, the 
pancreas and salivary glands originate from masses of 
cells, ducts being formed by deliquescence of portions 
within. From the alinientary canal, also by budding and 
deliquescence, the lungs arise, their cavity communica- 
ting at first by several apertures with the pharynx. This 
occurs about the sixth week. These organs are gradu- 
ally removed from the place of origin, as in the case of 
the liver. 

The WolflSan bodies are temporary urinary organs, 
preceding the kidneys, and eventually disappearing. 
They are of an ovoid shape, and consist of a duct from 
which transverse canals branch forth, the duct discharg- 
ing into the sinus urogenitalis. They originate about 
the end of the first month, and commence to degenerate 
in the third. In fishes they remain as the permanent 
urinary apparatus. The testes or ovaries arise from the 
inner margin of the Wolffian body, the former being 
guided into the scrotum by the gubemaculura. This de- 
scent commences between the fourth and fifth month, 
and is completed at birth or shortly after. . 

Among the indications that conception has occurred 
are usually enumerated, stoppage of the menses, the pla- 
cental murmur, the development of the mammary gland, 
its sense of pain or tenderness, the color of the areola, 
the turgescence of the areola and nipple, irritability of 
the stomach. Quickening, as it is termed, usually oc- 
curs about the eighteenth week, and parturition in the 
fortieth, or at the close of 280 days. With respect to 
this, it is admitted that the term may be possibly pro- 
longed, in very rare cases, by 40 days. The French laws 

What sabstance does it at this early period secrete ? How do the 
lungs arise? What is the function of the Wolffian bodies? What 
are the signs of conception ? 
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legitimatize a child born within 300 days ; and that sach 
variations of the proper term may occur ^s proved by 
observations made upon domestic animals, in which the 
duration of pregnancy can be ascertained with precision. 
Id the cow, which has the same period of gestation as 
the human female, the shortest period hitherto observed 
is 213 days, the longest 336. The shortest period at 
which human parturition can occur, consistent with the 
viability of the child, appears to be about 23 weeks. 

The act of parturition in its first stage is to be refer- 
red to a contraction of the muscular fibres of the fundus 
and bodv of the uterus with a synchronous relaxation of 
those 91 the cervix. At a later period the contraction 
of the expiratory muscles assists. Afler birth is accom- 
plished, the mouths of the .uterine vessels are closed 
through the contraction of the organ, the lochial dis- 
charge carrying with it any disintegrated residues of 
the deciduous membrane, and also large quantities* of 
fat, derived probably from the degeneration of the uter- 
ine structure itself. 

That both parents are concerned in imparting charac- 
teristics to the child there can be no doubt : it is fully 
established where they are of different races, as white 
and black, or white and red ; and equally in the case of 
animals, as in mules, produced by the mixture of differ- 
ent kinds. It is scarcely necessary to remark that this 
extends to the communication of more refined peculiari- 
ties, the resemblance of countenance, figure, gesture, and 
even mental qualities, family likenesses we daily observe. 
These impressions are of a much more profound charac- 
ter than might at first be supposed, as is proved by the 
fact that the third generation will exhibit peculiarities 
belonging to its progenitors, though those peculiarities 
have not occurred in the second. 

What is the period of gestation ? In what manner is the act of 
parturition accomplished ? What does the lochial discharge remove ? 
How is it certain that both parents impart characteristics to the 
child ? 
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CHAPTER XXIV. 

THE GROWTH OF MAN. 

Infancy, — Weight and Size of the Infant. — Weight 

and Size at mbseqicent Periods. — Demlopment of the 

Intellect. — MaJturity of Man. 
Mental and Physical Decline. — Mortality at different 

Periods of Life. — Comparative Sttucturey MtnctionSj 

and Mortality of the two Sexes. 

At birth, the human infant is the very representative 
of weakness and imbecility. Though, unlike many other 
mammals, it opens its eyes at once, it exhibits no tokens 
of visual perceptions ; though it mav be subjected to 
sounds or noises of various kinds, it takes no notice 
whatever of them. This condition of inertness is fol- 
lowed by a condition of confused sensation, which by 
degrees is succeeded by a capability of appreciating spe- 
cial ideas. The earliest period of conscious existence is 
a scene of pain, the life of the infant being divided be- 
tween sleep and crying;, from its slumbers it is awakened 
only by the pains of hunger ; nor is it until after the lapse 
of many days, or even weeks, that the first smile is seen. 
It is too feeble to turn from side to side, but remains in 
the position in which it was placed. Its skin at birth 
covered over with a whitish incrustation, the vemix ca- 
seosa, becomes reddish ; the depth of this tint, however, 
shortly pasdes away. At this period, moreover, life is 
purely vegetative, the infant feeding and sleeping. The 
biliary matter, meconium, which had accumulated in its 
intestine during fcetal life, is discharged in the course of 
a day or so after birth, and the digestive apparatus en- 
ters on its functions with activity. 

It is said that the infant smiles soon after it is forty 
days old ; though it can cry it can not shed tears. Be- 
fore long it gives indications of its satisfactions and dis- 
likes. The power of moving in an erect posture is gain- 
Has the human infant yisnal perceptions at birth ? What is the 
vemix caseosa? What is meconiom? 
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ed by it in the course of a year, and by the close of that 
time it can masticate. Of its teeth, the central incisors 
appear about the seventh month, those of the lower jaw 
first ; the lateral incisors about the eighth or tenth, the 
anterior molars about the twelfth, and the canines about 
the eighteenth, the posterior molars being cut between 
that time and three years. The average date of the ap- 
pearance of the permanent teeth is, the front molars 
about the seventh year ; middle incisors, eighth ; lateral 
incisors, ninth ; anterior bicuspids, tenth ; second bicus- 
pids, eleventh ; canines, twelfth to thirteenth ; second 
molars, twelfth to fourteenth ; and the last molars from 
the seventeenth to the twenty-first year. 

The power of articulate speech is displayed within 
twelve or fifteen months, some letters being more easily 
gained than others ; among them are A, B, P, M. 

Throughout infancy and childhood, the features, and 
even the gestures, indicate the profound constitutional 
changes going on. The countenance, instead of express- 
ing pleasure or pam in the aggregate by smiling or cry- 
ing, as was the case at first, gains the faculty of repre- 
senting every grade of feeling. Long before maturity is 
reached we read without difficulty the thoughts passing 
in the mind from the movements of the lip or the eye, 
and the painter can express every shade 'of feeling, and 
every emotion, by the mere configuration of the outward 
form. 

The monthly growth of the foetus for six months be- 
fore birth is about two inches. At birth, the mean length 
of boys is 18^ inches, and of girls 18^ inches, the former 
being therefore a little the longer. 

At sixteen or seventeen years the growth of girls is 
relatively as much advanced as that of youths of eight- 
een or nineteen. For the most part, the inhabitants of 
towns are taller than those of the country. The full 
height is not reached, in some instances, until twenty- 
five years ; in very warm and very cold climates it is 
more quickly attained. The recumbent position is re- 
garded as being favorable to growth, and, influenced by 

How long is it before the teeth are cut ? What is the order of th^ 
appearance ? What letters are first articulated ? What is the mean 
length at birth? What is the growth of boys and girls relatively to 
each other? When is the full height reached ? 
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his own weight, an individual is shorter in the evening 
than when he first rises from bed in the morning. 

With regard to the rate of growth, it is most rapid 
immediately after birth, and continually diminishes until 
about five years, the epoch of maximum of probable life. 
It then remains equable to about sixteen years, the an- 
nual growth being 2-J inches. After puberty it declines, 
being, from sixteen to seventeen years, 1^ inches, and 
during the next two 1 inch only. The annual increment 
relatively to the height then attained continually dimin- 
ishes from birth. The foetus grows as much in length 
in a month as the child from 6 to 16 years does in a year. 
The limits of growth of the two sexes are unequal, be- 
cause women are smaller than men, terminate their 
growth sooner, and annually grow less. Individuals in 
afiBLuent circumstances may often surpass the standard 
height, but misery and fatigue are liable to produce the 
opposite effect. Longevity is generally less for persons 
of great height. 

As to the maximum and minimum of h'eight, it may 
be remarked that Frederick the Great had a Swedish 
body-guard whose height was eight feet three inches ; 
and, on the other hand. Birch states that there was an 
'individual, 37 years old, whose height was sixteen inches. 
In view of these and other such facts, Quetelet fixes on 
8 feet 3 inches as the maximum, and 1 foot 5 inches as 
the minimum of height ; he givds as the mean 5 feet 4 
inches. Half the men of France, at the age of conscrip- 
tion, are between 6 feet 2 inches and 6 feet 6 inches, but 
the wars incident on the great Revolution made a per- 
manent impression on the French in this respect by 
lowering the standard through the consumption of the 
taller men. M. Quetelet moreover remarks, that in ten 
millions of men there is but one more than 6 feet 8 inches, 
and one less than 4 feet. There is reason, however, to be- 
lieve that this statement will not hold good of America. 

As regards weight, new-bom boys are heavier than 
girls. An average taken from 20,000 gives 6i lbs. as 
the weight at birth ; the maxima and minima have been 
10^ lbs. and 2i lbs. For about a week after birth the 
weight diminishes, owing to the effect of aerial respira- 

What are the maxima and minima of height ? What is the mean 

wcii^Ut? 
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tion. The difference in weight between the two sexes 
gradually diminishes until about the twelfth ^ear, when 
an equality is reached. The maximum weight is at- 
tained about 40, and as 60 is approached a diminution is 
perceived, which reaches 12 lbs. at about 80 years, the 
stature likewise correspondingly diminishing by about 
2f inches; the female reaches her maximum weight 
somewhat later, at about 50 years. The extreme limits 
of weight in men are 108 lbs. and 216 lbs.; in women, 
87^ lbs. and 206^^ lbs. The mean weight at nineteen is 
nearly that of old age in both sexes. At full develop- 
ment the male and female weigh almost exactly 20 times 
as much as at birth. In the first year the infant of both 
sexes triples its weight. It requires six years more to 
double that, and thirteen to quadruple it. Immediately 
after j)uberty both sexes have half their ultimate weight. 
Between the ages of 25 and 40 the mean weight of the 
male is 136 j^ lbs., and of the female 120f lbs. 

Arrived at maturity, the system of man commences to 
decline, the epochs of the maximum of physical and 
mental strength not, however, coinciding ; that for the 
former occurring at about the 25th year, but that for the 
latter not until between the 45th and 50th year. At 
this period, when the powers of imagination and reason 
have reached their highest degree, the liability to men- 
tal alienation and insanity is also at its maximum. 
Somewhat later, the physical system plainly betrays that 
it is pursuing its downward course, retracing the steps 
through which it passed forward to development. Soon 
there is an evident decrease of weight, the nutritive 
operations being no longer able to repair the waste of 
the body. There is also a diminption of the height. 
This corporeal decay is the signal for a depression 'of 
the mental powers, the first which begins to yield be- 
ing probably that of concentrating or abstracting the 
thought. As years pass on, external impressions exert 
a diminished influence, and he who at an earlier period 
reached the meaning of things, as it were, almost by 
intuition, now casts his eyes over page after page with- 

At what period is the maximnm weight attained ? What are the 
limits of weight in men and in women ? When is the maximnm of 
physical and of mental strength attained? What is the order of 
their decline ? 
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out an idea being communioated to his mind. The old 
man querulously complains that he reads his book, but 
does not understand what it means. With this failure 
of perception the powers of memory decline, recent 
events fading away first, but thdte oi early life being 
recollected longest. 

' The mortality of towns is greater than that of the 
connti*^. As we advance from the midst of the temper- 
ate region toward the equator or toward the poles, it 
also increases : thus, in the northern portions of Europe, 
the annual mortality is as 1 to 41 ; that of Central Eu- 
rope, 1 to 40"]^ ; that of Southern Europe, 1 to 33-i^. 
Considered as respects different periods of life, the rate 
of mortality varies very much. Of both sexes, 22 per 
cent, die before they are one year old, and 37 per cent, 
before they are five years old. Male infants are^ how- 
ever, mpre liable to die immediately after birth than fe- 
male, but at th^ close of about two years their mortality 
is the same. Nine twentieths of the whole number born 
die before they are fifteen years of age, that is, before 
they have become useful to the community. 

The mortality among girls increases betwoan 14 and 
18, and among men between 21 and 26. In {France and 
Belgium, from 26 to 30 is the epoch of iparriage, and at 
this period the mortality is the same ill both sexes. It 
then increases for the women during the years of child- 
bearing, and afterward again becomes equal for both. 
At 25 years half the births are dead. The mean life 
may be estimated at 33 years. The maximum expect- 
ancy of life is at 6 years, at wtich age the risk of mor- 
tality is suddenly reduced, and becomes small tiU pu- 
berty, when, especi^ly among girls, it becomes great. 
Ftom 60 to 65 the chances of life are again at a min- 
imum. 

To the foregoing statements, in which contrasts have 
been drawn between the male and female, the following 
may be added : Not only is there a difference in the en- 
tire stature, but the different portions of the body have 
not the same relative size. The capacity of the skull in 
the female is less; the body is longer; the lower ex- 

What is the mortality at different periods of life ? What is the 
relative mortality of the two sexes ? What is the diiference in struc- 
tare of the male and female ? 

Q 
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tremities shorter ; the pelvis of greater size, especially 
in its transverse diameter ; the heads of the thigh bones, 
therefore, farther apart, and the bones themselves in- 
cluding a larger angle than in the case of the male ; the 
chest and the abdon^ are respectively more convex ; 
the transverse diameter at the shoulders smaller, and 
the upper extremities, like the lower, shorter ; the hands 
and feet, fingers and toes, of less size. The surface pre- 
sents a more elegantly rounded form, without angulari- 
ties ; the skin thinner and more translucent; the hair 
of the head is longer and finer, but other portions of the 
skin less covered with hair; the nails snjialler and thin- 
ner. 

The strength of the female is to that of the male as 
16 to 26i Her muscles contract with less energy, and 
are more easily wearied. The peculiarities of the con- 
sti'ttction of the bones of her pelvis and chest respective- 
ly give rise to peculiarities in the moven^ents of the low- 
er and upper extremities ; hence the characteristic man- 
ner of walking and movement of the arm in attempting 
to throw a stone. In the chapter on the voice we have 
already pointed out the female peculiarities in speaking 
and singing, and its more acute quality. 

With respect to her moral and intellectual peculiari- 
ties, these are manifested from the earliest infancy in 
the sports and games which she instinctively follows. 
Coming to maturity more rapidly than the male, she 
abandons these, though they may still be enjoyed by 
boys of her own age, whom, for the course of a year or 
two, she regards with ne*glect or even disrespect, a feel- 
ing soon after to be followed by timidity. Education 
and the position in which she may have been placed 
may, to a certain extent, control or disguise her habits, 
but they can never wholly obliterate the striking pre- 
dominance of her moral over her intellectual qualities, 
as compared with man. Essentially religious, her faith 
is applied to almost all the ordinary affairs of life, though 
when she finds that she has been deceived she is ever 
distrustful. From the earliest times it has been remark- 
ed that her revenge, more particularly when it concerns 
wounded pride, is implacable. Much more than the 

What is their relative strength ? What are their relative moral 
and intellectual peculiarities ? 
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male she is delighted with the adorDments of dress. 
Her reasoniDg powers are less vigorous, though her sen- 
sations are more acute, yet she bears pain with more 
resignation than man. Her judgment is not so evenly 
balanced, and is often perverted by the preponderance 
of her feelings. 

The physiologist who is thus obliged to speak of the 
constitutional and mental imperfections of the female, 
may be permitted to turn with delight from the dry 
details of statistics and anatomy to the family and social 
relations, for it is therein that her beautiful qualities 
shine forth. At the close of a long life, checkered with 
pleasures and misfortunes, how oflen does the aged man 
with emotion confess that, though all the ephemeral ac- 
quaintances and attachments of his career have ended in 
disappointment and alienation, the wife of his youth is 
still his friend. ' In a world from which every thing else 
seems to be passing away, her affection alone is un- 
changed ; true to him in sickness as in health, in misfor- 
tune as in prosperity, true in the hour of death. 



CHAPTER XXV. 

OF SLEEP AND DEATH. 

Causes of the Necessity for Sleep, — Its Duration and 
Manner of Approach. — Manner of Awaking. — 
Cause of Nightrsleep, — Increased "Warmth required. 
— Connection of Sleep and Food. 

Of Dreams: their Origin and Phenomena. 

Of Death. — Old Age. — Internal Causes of Decline. — 
Death hy Accident and by Old Age. — 27ie Hippo- 
cratic Face. — Final Insensibility. 

OP SLEEP. 

One third of the life of man is spent in sleep, a condi- 
tion of modified sensibility, in which the mind performs 
its functions in an imperfect way, and voluntary motion 
is nearly suspended. This state, occupying so large a 
portion of the short period of time allotted to us, is 
t herefore well deserving of the consider ation of the 
What portion of life is spent in sleep ? 
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physiologist, and the more so since it presents, in the 
various phenomena of dreams, significant illustrations 
of the manner of action of the nervous system. 

All animals sleep. Many, perhaps most, dream. The 
necessity for a season of repose arises from the prepon- 
derance of the waste of the system over its repair dur- 
ing our waking hours. By bringing the animal func- 
tions into a condition of rest, an opportunity is afforded 
for renovation, and the equilibrium can b.e maintained. 

In early infancy, when it is necessary for the nutritive 
operations to be carried forward with the utmost vigor, 
and attended with as little waste as possible, the whole 
time is spent in sleeping and eating. The waking peri- 
od is gradually increased as the child advances, but not 
BO as to make it continuous, for the day is broken into 
intervals of sleep. Even at three or four years of age 
we sleep more than once a day. In mature life eight 
hours are on an average required, but the precise time 
varies with different individuals, and even with the same 
individual in different constitutional states. The time is 
not, however, always a true measure of the amount of 
rest, for sleep varies very much in the degree of its com- 
pleteness or intensity ; there is a slumber so disturbed 
that we are unrefreshed by it, and a sleep so profound 
that we awake weary. Old age, as it advances, admon- 
ishes us to spare Jhe system as much as we may, for re- 
pair is conducted with difficulty ; and this period, char- 
acterized by its i*esemblance in so many respects to child- 
hood, like it, is often marked by frequently-recurring and 
prolonged slumber. Moreover, various accidental and 
other circumstances are liable at all times to disturb its 
proper periodicity — a warm afternoon, a hearty dinner, 
an ill-ventilated apartment, monotonous sounds, the at- 
tention devoted to one object, bodily quiescence, ceas- 
ing to think, the use of narcotics, extreme cold, a hori- 
zontal position, etc. 

Sleep is commonly preceded by a sense of drowsiness 
of more or less intensity, gradually followed by a loss 
of sensibility. Objects cease to make an impression on 
the eyes, the lids become heavy and close. If we are 

What are the causes for the necessity of sleep ? Is there any fixed 
period for the duration of sleep ? What is the order in which the 
senses are affected? 
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not in the horizontal position, but require muscular sup- 
port, as in sitting, the head droops, and the hands seek 
a support. Successively the senses of smelling, hearings 
and touch pass away, as the sight has done ; but, be- 
fore this progress is completed, we start at any sound 
or disturbance, voluntary muscular action being instant- 
ly assumed, though in the midst of a surprise. We are 
nodding. If we are in the horizontal position, as in bed, 
the body is thrown into a form requiring the least mus- 
cular exertion — the limbs are 'semiflexed. As sight, 
smell, hearing, touch, again in succession fail, all volun- 
tary motions cease, those now executed being of a pure- 
ly automatic kind. The eyes are turned upward and in- 
ward, the iris is contracted, the heart and the lungs act 
more slowly but more powerfully ; a gentle delirium, 
'which exists while the centres of the special senses are 
coming into repose, introduces us to profound and un- 
conscious sleep. 

This condition of profound sleep, though it may be 
quickly, is yet gradually reached by passing through 
certain well-marked stages. Once gained, we sleep with 
heaviness in the early part of the night, and more and 
more lightly as morning approaches. It would, how- 
ever, be erroneous to suppose that this falling into insen- 
sibility and awakening are perfectly continuous events ; 
there are, undoubtedly, subordinate periods of more and 
less complete repose, but under no. circumstances are we 
ever aware that we are asleep. 

At any time of the night sleep may be abruptly bro- 
ken, the mind resuming its power after passing through 
a momentary interval of confusion. Toward the close 
of the customary time, the senses resume their power in 
an order inverse to that in which they lost it — the 
touch, the hearing, the smell, the sight. For a short 
period after awakening, the organs seem to be in a state 
of unusual acuteness, more particularly that of sight — 
an effect arising from the obliteration of the vestiges of 
old impressions. From profound sleep we pass to the 
waking state through an intermediate condition of 
slumber. In the former, the movements we may exe- 
cute, under the influence of external impressions, are 
wholly of an automatic kind, such as turning in bed in 
What is the order in which the senses are restored on awakening ? 
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various* positions. The length of time spent in sleep 
and slumber respectively is by no means constant, many 
causes increasing the one at the expense of the other. 
On awakening, we are apt to indulge in certain muscu- 
lar movements — we rub our eyes, stretch, and yawn. 
If we are suddenly aroused, our motions are feeble and 
uncertain on attempting to walk at once ; but if we 
spontaneously awake at an unusual period, and more 
particularly if it be toward morning, we commonly re- 
mark a clearness of intellect or mental power. Many 
of our most judicious and- correct conclusions occur to 
us under these circumstances. 

Though it is said that the sleep of man lasts about 
eight hours, there are many variations. Authentic cases 
are on record in which individuals have, for a considera- 
ble time and apparently without injury, slept only for 
one hour, and others in which that state has been pro- 
longed for an entire week. Man shows much greater 
differences than other animals ; birds, for instance, sleep 
lightly, and cold-blooded animals generally profoundly. 
Since the object of sleep is to afford an opportunity for 
repairing the waste of the system, the length of the 
needful time depends on conditions that are themselves 
variable ; the extent of the antecedent waste, and the ra- 
pidity of the repair. In winter we sleep longer and usu- 
ally deeper than in summer, for the hourly waste in win- 
ter is greater. Habit, however, controls us very much. 

It has been supposed by some that it is to habit that 
our tendency to sleep at night is to be imputed, it is, 
however, more properly to be attributed to the ordina- 
ry circumstances of our life — the day being spent in mus- 
cular or mental exercise, since we can then see to per- 
form our duties, and this tax upon the system being 
necessarily followed by a feeling of weariness. Those 
aniqials which seek their food in the dark sleep by day. 
It is not, therefore, to any external physical condition 
that we should impute our nocturnal sleep, but* to the 
interior condition of our system, though it is quite true 
that physical agents, such as cold, and others that have 
been mentioned, will provoke a sensation of drowsiness. 

Is there ^ny constant period for slumber and sleep respectively ? 
What are maxima and minima durations of sleep ? What is its ob- 
ject? What is the cause of nocturnal sleep? ^ 
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In sleep we require additional warmth, and this we 
obtain by instinctively using more clothing for the pur- 
pose of economizing the animal heat. The amount of 
caloric generated in the system is diminished through 
the cessation of muscular exercise, and therefore reduc- 
tion of decay. The same may be said, to a certain ex- 
tent, of the waste of the brain through its intellectual 
acts, and of the nervous system generally. This dimin- 
ished amount of interstitial death corresponds to a di- 
minished respiration, the hourly amount of oxygen con- 
sumed exhibiting a decline. The negro, who is much 
more sensitive than the white man to this decline of tem- 
perature, instinctively envelops his head with clothing, 
so that the air may be warmed by its contact therewith 
before it enters the respiratory organs. For the same 
reason, he sleeps with his head toward the fire, while the 
white man sleeps with his away. On similar principles 
we may account for the control which food has over 
sleep, the one seeming, to a certain degree, to replace 
the other. The French proverb says, " He who sleeps, 
dines," and this is true ; for during sleep the waste of 
the system is reduced to a minimum, and the necessity 
for food correspondingly diminished. The quality of 
the food likewise exerts an influence on the length of 
sleep, for that which is of a nutritious kind, and easily 
assimilated, can more speedily execute whatever repairs 
the system may demand. It is probably owing to his 
variable diet that, even in a state of perfect health, man 
is so variable a sleeper, and that animals, the nature of 
whose food is so constant, sleep with so much uniform- 
ity. 

As the necessary repairs are accomplished, we pass 
through a condition of slumber, and our organs gradu- 
ally awake in the manner that has been described. It 
is during this intermediate passage, that is, toward the 
morning chiefly, as the brain is resuming its functions, 
that dreams occur. They may, however, happen at any 
other period of the night, though then they are liable to 
present greater incongruities and more obvious viola- 
tions x)f the proper order of events. It is quite correct 

Why is increased warmth required? What diiFerences are re- 
marked between the sleeping of the white .man and the negro ? In 
what manner do dreams arise ? 
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that morning dreams are more likely to be prophetic, for 
they are more likely to be in themselves true. 

Dreams never strike us with surprise, no matter what 
may be the extraordinary scenery they present — ^no mat- 
ter how great the violatioiis of truth and reality. The 
dead may appear with the most astonishing clearness; 
their voices, perhaps long forgotten, inay be heard ; we 
may be transported to places where we have spent past 
years of our lives ; combinations of the most grotesque 
and impossible kinds may be spread before us : we ac- 
cept all as reality, perhaps not even suspecting that we 
dream. The germs from which have originated all these 
strange combinations are imutessions stored up in the 
registering ganglia of the bram, more particularly in its 
optic thalami. These, as outward impressions have for 
the time ceased, are enabled to attract the attention of 
the mind, and emerge from their latent state. That all 
dreams originate in such impressions is illustrated by 
the history of the blind, who still dream of things that 
they formerly saw. 

One of the most extraordinary phenomena presented 
in the dreaming state is the instantaneous manner in 
which a long series of events may be offered to the 
mind, the exciting cause being truly of only a moment- 
ary duration. Some sudden noise arouses us, and, in 
the act of waking, a long drama connected with that 
noise appears before us ; or, in like manner, we are dis- 
turbed perhaps by a flash of lightning, and with that 
flash occurs a dream which seems to us to occupy a 
space of hours or even days, so many are the incidents 
with which it is filled. It has long been known that a 
like peculiarity has offered itself to those who have 
suffered by drowning, and have been subsequently re- 
stored. They have related that in their moment of su- 
preme agony, the whole series of events of their past 
life has, as it were, flowed in an instant upon them with 
the most appalling vividness, their good and evil works, 
and even the inost trifling incidents presenting them- 
selves with distinctness — a tide of memory. 

From what source are these suggestions derired ? What is meant 
by the instantaneous presentment of events? 
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At all periods of life, the functional activity of the 
system occasions a waste of its tissues by the interstitial 
death of their parts, and therefore involves a necessity 
of repair. So long as the reparation balances the waste, 
a healthy equilibrium is maintained ; but when the nu- 
tritive powers decline, as old age approaches, a gradual 
deterioration of the system ensues. 

The period of greatest activity is also that of greatest 
waste, and of the most active and perfect repair,* inter- 
stitial death and the removal of decayed material then 
occurring in the most rapid manner. The energy of 
life is thus dependent on the amount and completeness 
of death. 

At a later period, with advancing years, although the 
loss of substance through functional activity may be 
lessened, the renewal and restoration of -the portions 
which are necessarily consumed are far more than cor- 
respondingly diminished. We thus become incapacita- 
ted corporeally and mentally, and, if no accident inter- 
venes, we die through mere old age. 

The death of individuals may therefore occur in two 
ways, by accident or by old age. But death from old 
age is very unusual, for even in the case of those who 
are very far advanced in life,- its close is ordinarily 
brought about by some lesion or derangement of the 
vital organs, thus, in reality, constituting accidental 
death. 

Most men desire that their final scene may be attend- 
ed with as little derangement as possible of their ordi- 
nary mental powers, and that it may be very brief. If 
this constitute the euthanasia, or happy death, it cer- 
tainly can not be thought that extreme old age is desir- 
able, constituting, as it does, along-continued and dreary 
disease. The senses fail us in the same manner and in 
the same order that they do when we are falling asleep, 
their gradual deterioration bringing us back to the 
helplessness and imbecility of infancy. In the long in- 
terval during which this is going on, the aged man is not 

How is it that deterioration of the system inevitably occurs ? How 
is it that eventnally death necessarily takes place ? Why is it that 
death from old age is so nnasual ? 

Q 2 
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only a burden to himBftlf^ but a sad spectacle to eveiy one 
around him ; his perceptions are being gradnall j blont- 
ed ; and though he is, as it were, hj degrees passing into 
a final slumber, it is in that disturbed way which all have 
witnessed when they fall asleep after severe fatigue. 

The different portions of the body die in succession : 
the system of animal life before that of organic, and of 
the former the sensory functions £ul first, voluntary mo- 
tion next, while the power of muscular contraction un- 
der external stimulus still feebly continues. The blood, 
in gradual death, first ceases to reach the extremities, its 
pulsations becoming less and less energetic, so that, f^- 
ing to gain the periphery, it passes but a littie way fironi 
the heart ; the feet and hands become cold as the circu- 
lating fluid leaves them, the decline of temperature grad- 
ually invading the interior. No one has ever yet of- 
fered a more accurate picture of the appearence of the 
dying than that presented by Hippocrates : '^ If the par 
tient lies on his back, his arms stretched out, and his 
legs hanging down, it is a sign of great weakness ; when 
he slides down in the bed it denotes death. If, in a 
burning fever, he is continually feeling about with his 
hands and fingers, and moves them up before his face 
and eyes as if he were- going to take away something 
before them, or on his bed-covering as if he was picking 
or searching for little straws, or taking away some 
speck, or drawing out little flocks of wool, all tiiis is a 
sign that he is delirious, and that he will die. When 
his lips hang relaxed and cold, when he can not bear 
the light, when he sheds tears involuntarily, when, doz- 
ing, some part of the white of the eye is seen, unless he 
usaally sleef^s in that manner, these signs prognosticate 
danger. When his eyes are sparkling, fierce, and fixed, 
he is delirious, or soon will be so ; when they are dead- 
ened, as it were, with a mist spread over them, or their 
brightness lost, it presages death or great weakness. 
When the patient has his nose sharp, his eyes snnk, his 
temples boUow, his ears cold and contracted, the skin of 
his forehead tense and dry, and the color of his face 
tending to a pale green or leaden tint, one may give out 
for certain that death is very near, unless the strength 

In what order do the different parts of the body die ? Describe 
the Hippocratic face. 
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of the patient has been exhausted all at once by long 
watchmgs, or by a looseness, or being a long time with- 
out eating." 

Physiologists oflen quote the sentiment of Montaigne, 
" With how little anxiety do we lose the consciousness 
of light and of ourselves." By this they would convey 
the idea that the act of dying is as painless as the act 
of falling asleep, and also as little perceived. They re- 
call the fact which seems to support this view, that 
those who have been recovered after apparent death 
from drowning, and after sensation has been totally lost, 
report that they have experienced no pain ; and, indeed, 
when we reflect that the sensory powers are the first to 
decline, the* eye and the ear, at. an early. period in the 
article of death, failing to discharge their duty, and the 
general sense of touch becoming rapidly more and more 
obtuse, we can scarcely put any other interpretation 
upon the final struggles constituting what is so signifi- 
cantly called the agony, than that they are purely auto- 
matic and therefore unfelt. Doubtless the mind, in this 
solemn moment, is sometimes occupied with an instant- 
aneous review of impressions long before made upon 
the brain, and which offer themselves with clearness 
and energy now that present circumstances are failing 
to excite its attention, through loss of sensorial power 
of the peripheral organs, this state of things having also 
been testified to by those who have been recovered from 
drowning. 

Life closes at last in various ways. Some pass away 
as though they were jeally falling asleep ; others with a 
deep sigh or groan ; others with a gasp ; and some with 
a convulsive struggle. ' • 

What reason is there to suppose that the final agony is automatic ? 
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Cholesterine, 221. 
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Diaphragm, motions of, 148. 

Diet, 22. 

Diffusion of gases, 136; general £EU!ts of^ 

141. 
Digestibility, order of, 60.. 
DiesBTiON, 26 ; object of^ ti. 

" artificial, 40. 
Digestive apparatus, 27. 
Discs of blood, 96. 
Dormouse, 46. 
Dreaming, 368. 
Drum of ear, 264 



314: 



INDEX. 



DaetleM glandB, 188. 
Ducta, 832. 
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Enteric Jnicei 64. 
Epidermlis 204. 
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FsBces, 66. 

Fat, 68 ; introduction o^ 69. 

Feeling, 298. 
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Fibres, muscular. 807. 
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Food, 6: classification of, 16. 
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Hall, discoveries of, 280. 
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Malpighian bodies, 192. 
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Mammary gland, 197. 
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" fibres of, 211. 

*^ fhnction of fibres of; 214 

" function of vesicles of, 216. 

" vesicles of, 213. 
Nervous system controls heat, 1T3. 

" matter, waste ofl 220. 
Nitrogen, protoxide of, lo7. 
Nose, 300. * 

O. 

Ocelli, 278. 

Ocular spectra. 292. 

Odobs, perception of, 301. 

Olivary bodies, 236. 
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Ovaries, 338. 
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^^ in oviduct, 342. • 
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P. 
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PapfllflB, 297. 

P&pillary body, 295. 

Parotid saliva, 29. 
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Pepsin, 36, 40. 

Peptones, 47. 

Perilymph, 272. 
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Plantb, relation of, to animals, 24. 
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Portal circulation, 116, 182. 
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Puberty, 339. 
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Keflex action, 230. 
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*•*" explanation of, 161* 
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Rigor mortis, 318. 
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Rumford on clothing, 164 
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Sauya, 29, 80. 
Salivary digestion, 32. 
Salt, 47. 
" of blood, 103. 
^^ of intestine, 64 
Sap, 112. 
Sarcolenun'a, 307. 
Scalsa of ear, 271. 
Schwann, white substance of, 220. 
Sebaceous glands, 206. 
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" by kidneys, 196. 
Selecting power, 81. 
Semicircular canals, 272. 
Senses, 261. 
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Serous membrane, 178. 
Sexes, 358. 
Shelter, 166l 

Sight, long and short, 286^ 
Skin, 171, 204 
Sleep, 363. 
Smell, 299. 

Soap-bubble diflfusion, 137. 
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Song and speedi, 323. 
SouNDfi, 263; interference of, 270. 
" quality of, 273. 
*' rudimentary, 323. 
Speaking machines, 326. 
Spectral impressioxis, 224 
Speech, 322. \ 

Spermatozoa, 338. 
Sperm-cell, 336. 
Spinai. Cobd, 227. 
Spiracle, 142. 
Spiral vessels, 332. 
Spleen, 188. 
Standing, 319. 
Star-Uke blood-ceUs, 105^ 
Starch, digestion of, 66. 
Starvation, 167. 
Stereoscope, 291. 
Still layer, 124 
Stomaoh, anatomy of, 34 
" digestion, 33. 
" follicles of, 37. 
Striated muscular fibre, 308. 
Sudoriparous glands, 31, 206. 
Sugar, digestion of, 57. 
'* in blood, 103. 
" of milk, 19, 203. 
Sweat, 209. 
Sympathetic System, 266, 260. 

" " fibres of, 212. 

" " functions of, 267. 

T. 
Taste, 802. 
Teeth, 28, 368. 

Temperature of man, 9, 12, 168. 
Testis, 337. 

Thalamus opticus, 236. 
Thoracic duct, 73. 
Thought, double trains of, 246. 
Thymus, 188. 



316 



INDEX. 



Thyroid, 188. 

TicUing, 29a 

Time, perception of, 248. 

T188ITS, cellular, 880; murifonD, 831. 

Tongue, 303. 

Touch, 295, 298. 

Tracheal tubes, 146. 

Tradeecantia, 112. 

Transudation, 207. 

Tricuspid valve, 118. 



Urea, 6, 194 
Ubime, 193. 
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Vaboulab Absorption, 84. 

'* tiasue, 332. 
Veins, 126. 

Ventricles, 118; force of, 120. 
Venturi, principle of, 72. 
Vemix caseoea, 357. 
VsBioLBS, nerve, 213. 






vmi, 67. 

V18ION, 277. 

erect, 291. 
Umit of, 286. 
** single, 290. 
** sul^ective, 292. 
Vocal cords, 266-324. 
VoiOB,321. 
VoUanann on mnscular contractioiK 

222 
Von Bfir, law of, 863. 
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Walking, 820. 
Warming of rooms. 166. 
Water, use of, 6, 10. 
Weight of man, 8. • 

Willis, circle of, 24L 
Wine making, 69. 



Zona peUucida, 840. 
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